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ABSTRACT 

A study was undertaken to provide information on the 
overall structure of the engineering workforce ill Australia and the 
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^^engineering technical workforce** was defined as all staff primarily 
performing engineering functions between the levels of tradesperson 
and professional engineer or surveyor. The study involved a review of 
literature, interviews with Technical and Further Education and 
Training Authority staff and engineering workers, and two national 
surveys that obtained data from more than 2,000 persons throughout 
Australia. Data were analyzed through cluster analysis. Ninety-nine 
primary clusters were identified; these merged into intermediate 
clusters and then four major clusters: engineering systems and 
administration, civil engineering and surveying, drafting and design, 
and electrical and electronic engineering. The job function profile 
and background characteristics of each occupational cluster were 
drawn. The study found that the duties important to most workers were 
written coi^miunication, oral communication, general administration, 
the use of calculators and computers, and engineering drawing. The 
study showed that there are two primary levels of technical 
engineering workers: associates and technicians, with associates 
having completed more education and technicians having more 
on-the-*job training. Recommendations for changes to course 
organization and content were made as a result of the study. (KC) 
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CHAPTER ONE: SUMMARY 



1.1 OVERVIEW 

The TAFE National Centre for Research and Development undertook 
this major study of the engineering technical workforce in order 
to provide information on: 

. the overall structure of the engineering technical 
workforce, including relationships between occupations in 
each branch of engineering and between each level; 

. the job functions of each occupational cluster and other 
characteristics that would be of use to TAFE and other 
education and training bodies. 

In the study the term engineering technical workforce was 
defined as the group that includes all staff primarily 
performing engineering functions between the levels of 
tradesperson and profe-ssional engineer or surveyor. 

The study was the only one of its kind in Australia that was 
concerned with the full spectrum of engineering technical 
workforce occupations Australia-wide. This broad scope enabled 
an assessment of which skills may be required across a wide 
range of occupations and which are more specialised. It also 
enabled information ro be obtained on the relationships between 
the various occupational clusters. 

The study involved a review of relevant literature, interviews 
wich TAFE and Training Authority staff and engineering technical 
workers, and two national surveys. The first national survey 
obtained a net sample of 1089 government and industry 
organisations and 1090 TAFE and CAE students and ex-students in 
all States and Territories. This survey aimed both to determine 
the names of those willing to participate in th3 second survey, 
and to collect broad information on the numbers in each 
occupational level and branch of engineering. The second survey 
obtained a net sample of 1230 engineering technical workers in 
all States and Territories. It aimed to determine the 
background characteristics and detailed job functions of each 
person. 



The method of analysis of the data from the second survey was 
critical to the whole study. The main method used was cluster 
analysis. Cluster analysis sorts, by a statistical rather than 
a judgemental process, the respondents into clusters, the 
members of each cluster having similar job functions. The 
outcome of a cluster analysis is represented by a cluster 
diagram , which shows all the resulting clusters and the links 
between the clusters. The job function profile and background 
characteristics ^ each occupational cluster may also be 
determined and prc^ '-ated in tabular form* 



A simple 
below: 



cluster diagram may look like the hypothetical example 



1 

(55) 

electrical and 
electronic 
engineering 





electrical 
engineering 



electronic 
engineering 







electrical electrical 
design monitoring 



electronic 
equipment 



computer 
equipment 



In this example, the number at the top of each box or circle 
identifies the cluster number. The numbers in parentheses refer 
to the number of people in each cluster. The lines indicate the 
links between clusters. Each cluster linked by a line to a 
cluster above it is a subset of the upper cluster. For example, 
the 10 people in electrical design joined with the 15 people xn 
electrical monitoring to form a single cluster titled electrical 
engineering, with 25 people. 
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The cluster analysis in this study was successful, and resulted 
in 99 small clusters, termed primary clusters, which were 
identifiable and clearly interpreted. The hierarchical pattern 
of the clusters was also meaningful and easy to interpret. 
Except for a few ^outliers', the primary clusters merged into a 
number of meaningful intermediate clusters, and these further 
merged into four major clusters. For example, the intermediate 
cluster of electrical engineering merged with the 
intermediate cluster of electronic engineering to form the 
major cluster of electrical and electronic engineering. The 
four major clusters were given titles as follows: 

. engineering systems and administration 
(438 respondents) ; 

. civil engineering and surveying 
(318 respondents) ; 

. drafting and design 
(123 respondents) ; 

. electrical and electronic engineering 
(188 respondents). 

Figure 1.1 shows the hierarchical pattern of the cluster 
analysis, though only the larger clusters are shown because of 
limited space (the full diagram is given in Chapter 6 of the 
full report) . 

The job function profile and background characteristics 
(including average age, salary, highest education, and 
proportion of females) of each occupational cluster is given in 
the full report. 

Some of the other key findings of the study were: 

. The engineering technical workforce has an average age of 3 3 
years, and an average salary of $23,000 (at April, 1985). 

. The majority of engineering technical workers are employed 
by government or semi-government organisations. 

. The overall ratio of engineering technical workers to 
professional engineers was found to be about 1.9 to 1. The 
ratio of engineering technical workers to engineering 
tradesmen was found to be about 1 to 1.6. These ratios vary 
widely between the government and private sector and vary 
with other factors, such as size of organisation. 



Government organisations have a higher ratio of technical 
workers to professional engineers than private organisations 
and larger organisations have a higher ratio of technical 
workers to professional engineei-s than smaller 
organisations. 

The percentage of females in the engineering technical 
workforce was, not surprisingly, found to be quite low, at 
2 •6%. The percentage varied greatly among the different 
occupational clusters. 

The 621 tasks in the inventory used in the second survey 
were divided into 61 duties. Of these 61 duties, the five 
making the highest contribution to the job of the "average" 
engineering technical worker were: 

• written communication; 
. oral communication; 

. general administration; 

. the use of calculators and computers; 

. engineering drawing. 

Many of the duties performed bv the members of each primary 
cluster are common to other clusters. The balance of common 
duties and specialised duties varies among clusters, l;ut 
over the 99 primary clusters and four major clusters, five 
of the 61 duties were found to be very broadly performed, 
being common across the four major clusters, and four were 
found to very specialised, being performed to any 
significant degree by the members of just one cluster. Of 
the 61 duties in the inventory, the following 15 duties were 
found to be commonly performed in two or more of the four 
major clusters: 

. written communication; 

• oral communication; 

. general administration; 

. use of calculators and computers; 

. staff supervision; 

. engineering drawing and graphics; 

. design drafting; 

. data collection and analysis; 

. maintenance; 

. finance and estimating; 

. engineei-ing survey drafting; 

. quality testing and measuring; 

c project planning and management; 



NOTKS: l.The number at the top of each box or circle is the 

'cluster number' which has boon assigned during the 
clustering process. The nunibeis it\ paienthei>es let'er 
to the number of respondents m each cluster. 
2. Only the larger clusters aie shown in thib summary. 
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Figure 1.1 Summary of the cluster diagram 



. site inspection and investigation; 
• staff development, 

. Two levels may be identified in the engineering technical 
workforce. People within the one level, termed engineering 
associate level, generally require more formal education and 
the undertaking of a wider range of tasks than those in the 
second level • People in the second level , termed 

engineering technician level, generally require more highly 
specialised knowledge and skills, and much on-the-job 
training. Despite this finding, many of the primary 
clusters were found to consist of members having educational 
qualifications across the two levels, and who performed job 
functions across the two levels. 

. As many as 29 of the 99 primary clusters identified in the 
study were composed of members requiring admixture of skills 
across traditional engineering branchej^, the most common 
combination being a mixture of mechanical with electrical or 
electronic tasks. 

These last two findings have important implications for the way 
education and training programs are designed. 

Essentially the study found that t-.e traditional engineering 
branch boundaries defined many of the occupational clusters, and 
that the boundary between the levels within the engineering 
technical workforce also defined many of these clusters. 
Cluster A in Figure 1.2 illustrates this type of luster, which 
may be termed a single discipline, single level cluster. This 
basic structure enables specialised courses to be designed to 
suit the needs of occupational clusters within each branch and 
level, and the present TAPE course provision largely follows 
this pattern, although technician level courses are lacking in 
some areas. 

Superimposed on this basic structure is the phenomenon of 
blurring, in which a significant number of occupational clusters 
cut across the traditional engineering branch boundaries and 
across the two xevels within the engineering technical 
workforce. Such blurring is also known to occur in occupations 
outside engineering. Clusters B and C in Figure 1.2 illustrate 
these two types of blurred cluster. 

The present TAPE course provision in Australia has, to a large 
extent, not been flexible enough to closely match the needs of 
multi-level and multi-discipline occupational clusters, and 
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Recommendations 6 and 7 address this problem. Matching the 
needs of these occupational clusters does not necessarily mean 
the provision of • blurred • courses. What is recommended is the 
provision of sharply focused courses that meet the various needs 
of different occupational clusters through flexibility . 



TASK 
LEVEL 



- professional 



associate 



- technician 



- trade 




mechanical 




electrical 



TASK TYPE 

Cluster A " single discipline, single level cluster 

Cluster B ^ multi-discipline cluster (blurring across mechanical- electrical 
boundary) 

Cluster C = multi-level cluster (blurring across technician-associate boundary) 



Figure 1.2 



Three types of occupational cluster illustrated in 
a two dimensional task domain 



1.2 MAIN CONCLUSIONS AND HECOHHENDATIONS 
Heterogeneous clusters 

The clustering process sorted most of the 1230 respondents into 
109 primary clusters. Ten of these clusters were too 
heterogeneous to be considered as representing a single job 
type^ leaving 99 primary clusters that were easily 
interpretable. Each of these 99 clusters represents a single 
job type or occupation in the engineering technical workforce 
occupations* 

The ten heterogeneous clusters represent a population having a 
diverse range of job types, most being in the area of 
mechanical, electrical and electronic equipment. All ten 
clusters were adjacent to the major cluster of Electrical and 




Electronic Engineering. Further study of these is required to 
obtain job profiles and information on their education and 
training needs. It is suspected that formal education does 
not presently provide well for their education and training 
needs because of the diversity in their job profiles. 

Recommendation 1 (page 126) 

That a study be undertaken of the section of the engineering 
technical workforce represented by the ten heterogeneous 
outlying clusters found in this study. The purpose of the study 
should be to determine the job functions and education and 
training needs of this section of the workforce. 



Educational programs for all occupational groups 

The primary clusters found in this study represent the spectrum 
of occupational groups in the engineering technical workforce. 
This report provides a job profile (at the duty and task level) 
and profile on background variables of each primary cluster. It 
is suggested that TAPE and other providers of education and 
training for the engineering technical workforce compare the 
needs, represented by these clusters, with their current overall 
provision of engineering courses. It is likely that suitable 
education programs are not available for all of these 
occupational groups in all States and Territories. 

Recommendation 2 (page 127) 

That TAFE Authorities and other education and training providers 
use the results of this study to review their current courses 
for the engineering technical workforce. in particular^ the 
needs of the engineering technical workforce^ represent by the 
occupational clusters found in this study^ should be compared 
with each Authority's overall provision of engineering 
cours(>s . 



Occupational groups reguiring close attention 

Ten primary clusters were found to have a high proportion of 
members having unusual educational qualifications, and this may 
indicate a gap in the provision of suitable TAFE or CAE courses 
for the particular needs of the occupational group represented 
by each cluster. In this study unusual educational 

qualifications were defined as either: 



20 
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. completion of other courses (i.e. not mainstream TAFE, CAE 
or University courses) as the highest educational 
qualification ; 

. commenced but not continued certificate or associate diploma 
courses as highest educational qualification; 

. blank response to the survey question on educational 
qualifications (which may indicate rio post-school 
educational qualifications) . 

The ten primary clusters having a high proportion of unusual 
educational qualifications are: 



. Cluster 


609 


. Cluster 


357 


. Cluster 


632 


. Cluster 


576 


. Cluster 


261 


. Cluster 


338 


. Cluster 


562 


. Cluster 


315 


. Cluster 


092 



Electronic Engineering Supervisors 
Trade Supervisors 

Materials Test Technicians/Officers 
Electro-mechanical Engineering officers 
Engineering Survey Assistants 
Engineering Survey Drafters 

Senior Microelectronic Maintenance Technicians 
Computer and Digital Equipment Installation 
Technicians 

Electronic Supervisors 



Recommendation 3 (page 129) 



In reviewing their engineering courses^ TAFE Authorities and 
other education and training providers should closely examine 
those occupational clusters in this study signalled as having a 
higher proportion of unusual educational qualifications. 



Common duties 



The study found that many of the 61 duties used in the survey 
were common across a large number of the occupational clusters. 
Five duties were common to all four major clusters, these duties 
being: 



C. written communication 

D. oral communication 

B. general administration 

R. use of calculators and computers 

H. staff supervision. 
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In addition, three duties were common to three major clusters, 
seven duties were common to two major clusters, 18 duties were 
common to clusters in one major cluster, 24 duties were common 
to two^ or more primary clusters only, and four duties were 
specialised, each being performed in just one primary cluster. 

The study was only able to determine the degree of commonality 
at *face value'. Duties that are described similarly for two 
people may in fact be quite different when each person's work is 
very closely observed and analysed. 

The results indicate that common or core curriculum units or 
modules could, subject to the above qualification, be developed 
for a range of occupational groups. Areas where low student 
numbers are likely should be a priority, as common or core 
curriculum units provide a basis for obtaining larger classes. 

Recommendation 4 (page 132) 

That common or core curriculum modules be developed in those 
areas judged, on the basis of the results of this study and 
other information, to be sufficiently common to two or more 
engineering occupational groups. 



Two levels 

The study found evidence for the existence of two levels in the 
engineering technical workforce. 

People within one level, termed engineering associate level, 
generally required more formal education and the undertaking of 
a wider range of tasks than those in the second level. People 
in the second level, termed engineering technician level, 
generally required more highly specialised knowledge and skills, 
and much on-the-job training. 

Some writers suggest that TAFE in general provides well for the 
needs of associate level occupations but few courses are 
provided for technician level occupations. This study provided 
evidence that many technician level workers had partly completed 
certificate or associate diploma courses. 

This situation is of concern to some writers, who suggest that 
partly completed certificate or associate diploma courses may 
not provide an appropriate education for engineering technician 
occupations, as these courses are primarily designed around 
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the needs of engineering associate occupations. This issue is 
likely to increase in significance in the future, as many have 
predicted an increase in the numbers employed in engineering 
technician occupations. 

Recommendation 5 (page 135) 

That TAFE Authorities and other education and training providers 
recognise the existence of two engineering occupational levels 
between trade and professional levels and that these be termed: 

. engineering technician level; 
. engineering associate level. 

Further^ that education and training programs be provided for 
occupational groups within each levels appropriate to their 
particular needs. 

Blurring across levels 

While there was evidence for the existence of two levels in the 
engineering technical workforce, many of the primary clusters 
were found to consist of members having educational 
qualifications across the two levels, and who had performed job 
functions across the two levels. For example, when the primary 
clusters were analysed with respect to: 

. highest educational qualification; 

. task level; 

. number of tasks, 

as many as 20 of the 99 primary clusters were classed as 
^blurred' across the technician-associate boundary. Of the 
remainder, 67 were classed as primarily associate level and 12 
were classed as primarily technician level. 

The blurring across the technician-associate boundary indicates 
that members of these occupational clusters may require some 
combination of associate level and technical level education, 
where separate educational programs are offered for each level, 
or at least transfer between levels should be allowed for and 
facilitated. 
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Recommendation 6 (pag^ 137) 



In cases where separate educational programs are designed for 
each of the two engineering technical workforce levels^ that: 

. transfer between programs in both directions be facilitated 

with appropriate amounts of credit allowed; 
. where modular course design is employed^ some modules 

(optional or compulsory) be made common to both programs to 

allow for overlapping of levels. 

Blurring across disciplines 

The work of the engineering technical workforce, as represented 
by the task inventory developed for this study, was divided into 
four broad job function areas. Tasks and duties that were 
judged to be not specific to a particular engineering discipline 
were classed in the general area. The other three areas were 
judged as specialised, these being: 

. mechanical/manufacturing, 

• electrical/electronic, 

• civil engineering/surveying. 

Most of the primary clusters performed work in the general area 
and one specialiscid area. However, 29 of the 99 primary 
clusters performed work, to a significant degree, in two or 
three of the specialised areas. These clusters were termed 
multi-discipline clusters. 

The existence of these clusters and the likely trend towards an 
increase in ^blurring' across discipline boundaries, have 
important implications for the design of engineering technician 
and associate level courses. At present courses are generally 
structured within one major area. Scudents requiring skills in 
a combination of areas may be required to complete a course in 
one area only and take additional subjects in another area. 

A practical approach to this need is to provide educational 
programs in a modular system, giving sufficient flexibility to 
allow appropriate programs for both mono-discipline and 
multi-discipline occupations. 
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Recommendation 7 (page 140) 

That educational programs designed for the engineering technical 
workforce be designed in a modular system to allow appropriate 
choice of modules for: 

• mono-disci pi ine, or 
. multi-discipline 

occupations. Such programs should comprise appropriate 

combinations of: 

. common or core curriculum modules; 

. specialised curriculum modules designed for 

single-discipline clusters; 

. specialised curriculum modules designed for multi- 
discipline clusters. 

Future trends 

A number of writers have referred to one or both of the 
following trends in engineering occupations: 

. an increase in the degree of ^blurring', with more 
occupations requiring skills across two or more engineering 
disciplines; 

. an increase in the numbers required in technician level 
occupations. 

If these trends continue, the results of this study and similar 
studies will steadily become out-of-date and therefore less 
useful to TAFE and other education and training providers. 

To address this problem, it is suggested that a study or studies 
be undertaken of present and near future trends in engineering 
technical workforce occupations. 

In addition, a future major study could be conducted of all 
engineering technical workforce occupations around 1990. The 
study should employ a methodology similar to the present study, 
and use the task inventory fron. the present study. Such a study 
would provide valuable comparisons with the results of the 
present study and thus indicate possible longer term trends. 



Recommendation 8 (page 143) 



That a study or studies be undertaken of present and near future 
trends in engineering technical workforce occupations^ using the 
results of the present study as a starting point. 

That, in addition, a future major study be undertaken of 
engineering technical workforce occupations around the year 
1990, the study using the task inventory from the present 
study. 
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CHAPTER two: INTRODUCTION 



2.1 DEFINITIONS 

The following definitions have beer used throughout this report. 
Engineering Technical Workforce 

The engineering technical workforce is the group that includes 
all staff primarily performing engineering functions between 
tradesperson and professional engineer or su2rveyor. It includes 
engineering associates and engineering technicians, as defined 
below. 

Engineering Technical Worker 

An engineering technical worker is any member of the engineering 
technical workforce. 

Prof r rssional Engineer 

The definition provided by Lloyd has been used in this report. 
His definition of the professional engineer follows: 

A professional engineer engages upon work that is 
predominantly intellectual and varied and involves the 
possession of highly developed personal abilities and 
skills; used in the analysis of engineering problems 
and in their creative and economic solution. 

The professional engineer is competent to undertake 
such work by virtue of professional engineering 
education designed to give a thorough insight into the 
advanced engineering science and practice of his branch 
of engineering and a broad general appreciation of the 
principles and concepts of other branches. 

The professional engineer is able to follow progress in 
his branch by consulting newly published work, 
assimilating such information and applying it 
independently. He is thus capable of exercising 
original thought and professional judgement and of 
assuming professional responsibility for the 
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development and application of engineering science and 
knowledge in one or more phases of engineering 
practice, for example in research, design, 
construction, manufacture, operation or maintenance, or 
in the management of such activities, or in the 
education of professional engineers or engineering 
associates. 

Initially, the qualified engineer gains experience and 
training under the supervision of experienced 
engineers. With some experience he is capable of 
undertaking responsible, semi- independent professional 
practice, requiring consistent exercise of discretion 
and judgement in its performance. 

With further experience, the professional engineer may 
assume responsibilities either as a team leader or as a 
professional specialist, with work assigned and 
reviewed within broad guidelines. At senior level, he 
may attain operational management responsibilities, or 
undertake independent practice or become the proprietor 
of a business. 

At executive levels, the professional engineer assxunes 
responsibilities as an executive manager or as a 
specialist consultant in a large organisation, or as a 
principal in a consulting practice or in a business 
enterprise. 

The conduct of the foregoing professional engineering 
functions requires the possession of a professional 
engineering qualification accredited by the Institution 
of Engineers, Australia, for admission to corporate 
membership. (Lloyd et al., 1979, p. 16) 

Engineering Associate 

The definition provided by Lloyd has been used in this report. 
His definition of the engineering associate follows: 

An engineering associate engages upon work that is 
predominantly mental and involves the possession of 
highly developed personal abilities and appropriate 
manual skills, used in the analysis of technical 
problems and in their solution in accordance with 
established practices and precendents. 
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The engineering associate is competent to undertake 
such work by virtue of technical education and training 
designed to give a thorough practical appreciation of 
the practices and precedents of a substantial body of 
knowledge associated with a branch of engineering. 

The engineering associate is able to apply in a 
responsible manner proven techniques commonly 
understood by those expert in the branch of engineering 
concerned, or techniques prescribed by professional 
engineers in that branch. He is thus capable of 
assuming technical responsibilities associated with the 
development and design, erection and commissioning, or 
operation and maintei.^nce of engineering equipment or 
structures, or of associated managerial functions, or 
the education of engineering associates, engineering 
technicians or tradesmen. 

Initially, the engineering associate gains experience 
and training under close supervision. He is capable of 
providing support functions for professional engineers 
or, with adequate experience, of undertaking 
responsible, semi-independent technical functions. 

With further experience, the engineering associate may 
assxime responsibilities as a team leader, or as a 
specialist on more important or complex work, under the 
general supervision of a professional engineer or a 
senior engineering associate, or he may become the 
proprietor of a small business or provide independent 
contract services. 

At executive levels, the engineering associate assumes 
responsibilities for groups of engineering associate 
functions in a large organisation, or he may be the 
manager or proprietor of a business enterprise. 

The conduct of the foregoing engineering associate 
functions requires the possession of a technical 
qualification accredited by the Australian Institute of 
Engineering Associates for admission to graduate 
membership, or equivalent educational attainments. 

(Lloyd et al., 1979, p. 1'^) 
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Engineering Technician 



The definition provided by Lloyd has been used in this report. 
His definition of the engineering technician follows: 

Engineering technicians may work in office-related or 
in trade-related workforce situations. 

An engineering technician in an engineering office 
engages upon work that is essentially mental and may be 
accompanied by manual skills in drafting, applied to 
the performance of less complex technical functions 
according to established practices. The performance of 
such functions depends upon a technical education and 
training sufficient to enable the engineering 
technician to apply, with guidance, less complex 
techniques and practical knowledge to limited 
specialised technical tasks. 

An engineering technician in a trade-related occupation 
essentially is engaged upon highly skilled manual work 
and exercises associated mental skills in the operation 
and manipulation of complex machines or processes. The 
performance of such functions depends upon a technical 
education usually associated with trade apprenticeship, 
but beyond trade level, enabling the engineering 
technician to apply difficult standard operational and 
diagnostic techniques to complex equipment or systems, 
or to undertake routine laboratory testing functions. 

Initially, the engineering technician gains experience 
and training under close supervision. With some 
experience, in office-related occupations, he performs 
support functions for professional engineers or 
engineering associates. in workshop or laboratory 
situations he carries out highly skilled tasks under 
general supervision. 

In either case, the engineering technician may become a 
team leader or the proprietor of a small business. 
With further experience, he may assume managerial 
responsibilities for groups of technician or trade 
functions, or he may become the manager or proprietor 
of a business enterprise. 

The conduct of the foregoing engineering technician 
functions requires the possession of a technical 
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qualification that requires a level of attainment less than 
that for an engineering associate but more than that of an 
engineering trade education. 

(Lloyd et al., 1979, p. 18) 

Engineering tradesperson 

The definition provided by Lloyd has been used in this report. 
His definition of the engineering tradesman follows: 

An engineering tradesman engages upon work th^c is 
essentially manual and physical, and exercises 
associated mental skills in the performance of the 
tasks of a recognized trade. The performance of such 
functions depends upon the completion of a trade 
apprenticeship and an acr-ociated technical education in 
the theory and practice of t. c trade. 

The engineering tradesman is capable of undertaking the 
standard functions of the trade, and of adapting trade 
theory and practice, with instruction, to the new 
machines, systems or processes of the trade. 
Initially, the tradesman carries out trade tasks ur.der 
supervision. With experience, he may assume 

responsibilities as a foreman or senior foreman, or he 
may operate his own small business. 

Some tradesmen may progress to the management of trade 
groups in a large organisation or as the proprietor of 
a business enterprise. (Lloyd et al., 1979, p. 19) 

2.2 RATIONALE 

Much of the recent literature on the engineering workforce has 
examined the existence of different occupational levels in the 
engineering field. There is general agreement in Australia and 
in other developed countries that there are four distinct 
levels, from engineering rradesperson to professional engineer 
(Henneken et al., 1983; French, 1981). The two middle level 
engineering occupational levels are of particular interest to 
TAPE. There are also of interest to colleges of Advanced 
Education (CAEs) in those States where middle level educational 
programs are offered by CAEs. There is a need to explore the 
nature of these two levels using empirical techniques. The 
following questions may be addressed by such analyses: 



• Are the two levels quite distinct, or do they overlap 
considerably in the job functions they perform? 

• What is the extent of TAFE training in each level in each 
State or Territory? 

The present overall pattern of provision of engineering middle 
level courses is based on the traditional division of 
engineering into fields such as civil, mechanical and 
electrical, and more specialised fields such as marine 
engineering and automotive engineering. An empirical analysis 
of the engineering middle level occupations would provide a 
sound basis for determining the optimum overall pattern of 
provision of these courses. An Australia-wi^^.e empirical 
analysis of the engineering occupations has not been conducted 
in recent years. Such an analysis would be able to determine 
the current impact of new technology in the engineering 
technical workforce. it would also indicc.te job tasks that 
appear to be common across engineering fields. 

Within each field of engineering and within each State or 
Territory of Australia, courses are developed based on the needs 
of industry. These needs are identified by different methods in 
each State. Typically the curriculum is centrally developed for 
a population of students whose individual needs and 
characteristics have been averaged out. Such a system, while 
providing for the needs of the • average student', may not match 
the vocational needs of individual students, or small groups of 
students. Within an occupational population of workers there 
may be quite distinct sub-populations. While there may be many 
job tasks that are common to two or more sub-populations, many 
job tasks will be unique to one sub-population of workers. 

A better understanding of the nature of the engineering 
technical workforce's skill needs will provide an avenue to the 
development of flexible courses with curricula tailored to meet 
specific student needs. 

2.3 OBJECTIVES 

The objectives of this study were: 

. To empirically determine the existence or otherwise of 
vertical clusters showing the two hypothesised distinct 
levels of engineering technical workers in Australia. 
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- over all fields of engineering 

- within each field of engineering. 

. To empirically determine the existence or otherwise of 
task/skill horizontal clusters showing distinct fields of 
engineering occupations such as civil, mechanical, 
electrical , electronic . 

. To determine the existence or otherwise of occupational 
clusters within each main cluster group. 

. To determine the existing characteristics of each cluster 
identified, including job skill profile, job title, job 
experience, educational attainment, field of engineering, 
size of employer organisation, public/private sector, 
salary, and state or Territory. The job task/skill profile 
is to include quality control and computer tasks. 

. To compare the task profiles of the identified clusters, and 
thus provide basic data for curriculum developers. 
Specifically to determine those tasks which are common to 
two or more clusters and those tasks which are specialised 
to one cluster. 



ERIC 



21 



CHAPTER THREE: LITERATDRE REVIEW 



3.1 OVERVIEW OF STUDIES ON TKjS ENGINEERING TECHNICAL WORKFORCE 

There is not a large amount of literature on the engineering 
technical workforce. This contrasts with the large amount of 
literature on engineering tradesmen and professional engineers. 

This point is illustrated by a recent search of the ERIC 
database by the author which revealed: 

. 1900 documents concerned with 'engineers'; 

138 documents concerned with 'engineering technicians' 
(i.e. engineering) 

255 docxunents concerned with 'trade and engineering' 
(there is no ERIC descriptor for 'engineering 
tradesmen' or equivalent). 

The United States National Technical Information Service (NTIS) 
has: 

7042 reports concerned with 'engineers'; 

637 reports concerned with 'technicians and engineering'; 

3747 reports concerned with 'trade and engineering'. 

This is further illustrated by the fact that the Australian 
Bureau of Labour Market Research has produced: 

6 papers on engineers; 

. no papers on engineering technical workers; 

. 3 papers on tradesmen and apprentices (including those 
outside engineering) . 

A possible reason for the rel?.tive dearth of literature on the 
engineering technical workforce is its more recent emergence as 
a distinct and well defined occupational group. In contrast,, 
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tradesmen and professional engineers are occupational groups 
that have definitions that have long been accepted and generally 
understood (EITB, 1983a, p, 2). 



3.2 ENGINEERING OCCUPATIONAL LEVELS AND TERMINOLOGY 

It is apparent from the literature that there is much interest 
in, and much debate over, the grades or levels of occupations 
and the terms used to describe them. 

There is considerable agreement on the existence of four 
engineering occupational levels requiring formal post-school 
education. The first of these levels, requiring the least 
amount of formal education, is the level usually termed 
engineering trade level. Engineering tradespeople use manual 
skills requiring knowledge of engineering practices and 
knowledge of specific machines and techniques. They require a 
relatively small amount of knowledge of general engineering and 
scientific principles. At the other end of the scale is the 
group of professional engineers. Professional engineers require 
a relatively small amount of manual skill and a relatively large 
amount of knowledge of general engineering and scientific 
principles. In between these two levels is the broad group of 
engineering technical workers, which is usually split into two 
groups - an upper level and a lower level. The required levels 
of manual and conceptual skill are recognised as being 
intermediate between tradespeople and professional engineers. 



ratio of 
conceptual 
to manual 
skills 

Engineering Engineering Professional 

Tre,despeople Technical Wor -^ ^s Engineers^ 
occupational level 

rrprr\ Conceptual skills requiring knowledge. of . 

^^^"^ general engineering and scientific principles. 

1 1 Manual skills, requiring knowledge of 

' ' engineering practices and specific knowledge. 

Figure 3.1 DiagrcUtunatic representation of the spectrum of 
engineering occupations 



1 I r 




ERIC 



24 



Figure 3*1 provides a useful diagrammatic representation of the 
spectrum of engineering occupations, from tradesperson to 
professional engineer* A single occupation would be represented 
by a vertical line in the diagram, it provides a simple model 
of engineering occupations and their skill requirements. Most 
of the literature concerned with engineering occupational levels 
uses or assumes this basic model, as represented in Figure 3.1. 

Before turning to the literature on engineering occupational 
levels, it is worth noting one important aspect of the model. 
The group of engineering technical workers is represented as a 
very broad group. Those at the far right require much coneptual 
skill, not unlike professional engineers. Those at the far left 
require much manual skill, not unlike tradespeople. This point 
is emphasised by some writers, who see engineering technical 
workers as a heterogeneous group comprised of an upper and lower 
level and requiring quite separate formal educational 
qualifications. As we shall see, this is one of the key issues 
in the literature. 

French (1981) undertook a UNESCO study of engineering 
occupational nomenclature an: classification in 39 nations. He 
found that a large majority of countries recognised two levels 
between engineering tradespeople and professional engineers. 

Thirty of the thirty-nine countries surveyed recognised two 
levels in the engineering technical workforce. The remaining 
nine countries recognised one or three levels but some of these 
were considering recognising two levels. 

Although he acknowledged that Australia, Franco and U.S.A. were 
against thp use of the term • engineer • for grades below the 
professional level, he advocated the general adoption of the 
following terms, or their equivalents in other languages, for 
the four levels above operator: 

. professional engineer; 
technician engineer; 
technician; 
tradesman. 

These terms are used in Britain. He also suggested the term 
'higher technician', as used in France, as an alternative to 
'technician engineer'. 
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In the United States four engineering occupational levels are 
widely recognised, these being termed: 



engineers ; 

engineering technologists; 
engineering technicians; 
skilled workers. 



Howeve*^, the educational qualification required by engineering 
technologists is higher than that required for engineering 
associates in other countries (French, 1981, p. 138-9), and this 
has led to some problems of differentiating engineers from 
engineering technologists . In some States , engineering 

technologists have been able to register as professional 
engineers (Ball and Snarponis, 1978). 

The most pertinenr overseas research studies on the engineering 
technical workforce are two major studies conducted by the 
Engineering Industry Training Board in the United Kingdom. The 
earlier study (EITB, 1970) found, among other things, that there 
were two levels within the engineering technical workforce, and 
these were termed: 



technician engineers, 
other technicians. 



Despite the evidence for the existence of the two levels, a 
clear distinction in duties between these two levels was not 
found. While there was not much difference in the kind of 
activities undertaken by workers in each of the two levels, it 
was found that the higher level required a greater breadth of 
knowledge and a wider range of activities. 

The later study (Connor, 1983) divided the engineering technical 
workforce into three groups: 



engineering technicians; 
draftsmen; 

other technical staff. 



The group called •other technical staff mainly comprises those 
employed in non-engineering occupations. The 'engineering 
technicians' and draftsmen were each divided into a higher and a 
lower level. The terms used for each category are shown in 
Table 3.1. 
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The 1983 study also found evidence supporting the existence of 
two levels. After being shown definitions of each of the two 
levels, most employers agreed that two distinct levels existed, 
91% saying that two levels existed within 'engineering 
technicians' (i.e. engineering technical workers excluding 
draftsmen) and virtually all employers agreed that two levels 
existed within draftsmen. It was estimated from the employers' 
replies that about half of the 'engineering technicians' were 
working at the upper level and about three-fifths of the 
draftsmen were working at the upper level. Table 3.1 shows the 
estimates given in the EITB study for the number of workers in 
each of the main categories. 



TABLE 3.1 TERMS USED BY THE EITB (U.K.) FOR EACH OCCUPATIONAL 
CATEGORY IN THE TECHNICAL WORKFORCE, JilD ESTIMATED 
NUMBERS IN EACH CATEGORY (FROM CONNOR, THE 
TECHNICIAN IN ENGINEERING, PART 1, 1983) 



TECHNICAL WORKFORCE GROUP 



LEVEL 


engineering 
technicians 
(144,000) 


draftsmen 
(54,000) 


other technical 
staff 
(18,000) 


Higher level 


technician 


technician 






engineers 


engineer 








draftsmen* 


not given 




(75,000) 


(32,000) 




Lower level 


other 

engineering 
technicians 
(69,000) 


lower level 
draftsmen 

(22,000) 


not given 



* In the EITB report (Connor, 1983) the term 
•higher level draftsmen' is also used 



In Australia the issue of two levels within the engineering 
technical workforce and the related issue of terminology have 
occupied a significant part of the literature on the engineering 
technical workforce. 
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However, it appears that only a little research has been 
conducted on the existence of the two occupational levels in 
Australia. 



In 1976 and 1977 the Technical Education Division of the 
Education Department of Western Australia jonducted a survey of 
87 employers comprising 50 private firms and 37 government 
organisations. The researchers defined four categories of 
engineering workers as follows: 

. Category I - professional engineers, defined by 

qualifications; 

. Category II - engineering technical workers - higher 

level, defined by qualification; 

. Category ui - engineering technical workers - lower 

level, defined by qualification; 

. Category iv - employees receiving education and training 

for one of the above positions. 

(Cochrane, 1977, p. 2) 

All except one private firm and one government department were 
able to provide data on the number of employees in each 
category. These data are summarised in Table 3.2. 

TABLE 3.2 NUMBER OF EMPLOYEES IN EACH OCCUPATIONAL CATEGORY 
(SOURCE: Cochrane (1977) Survev of industry needs 
for enginee ring courses at the TAPE level 

NUMBER OF EMPLOYEES 

TYPE OF 

ORGANISATION CAT. I CAT. II CAT. Ill CAT. IV 



Private 502 344 130 103 

Government 587 1289 258 487 

TOTAL: 1089 1633 388 590 



These data indicate a much smaller number of lower level 
technical workers (CAT.lii) than higher level technical 
workers (CAT. II). There also appears to be a relatively high 
number of workers receiving education and training. The authors 
predict a significant increase in the number of categories II 
and III workers bacause of this result. 

Employers were also asked if category I (professional engineers) 
were engaged wholly or in part in work which could be 
satisfactorily handled by category li or III staff, of the 50 
private organisations, 56% replied ^yes'. of the 37 government 
organisations, 41% replied ^yes'. They were also asked if 
category n and III engineering staff were engaged in category i 
work, resulting in 44% of private organisations replying ^yes' 
and 24% of government organisations replying Wes' (Cochrane. 
1977, p. 22). J K , 

The authors interpreted this result as a considerable overlap in 
the functions of professional engineers and engineering 
associates in a significant number of organisations, with 
private firms indicating 

a significantly more flexible attitude to this issue 
essentially based on the pragmatic approach of letting 
personnel do the work on the basis of their abilities 
and experience. (Cochrane, 1977, p. 22). 

Over the past few years Brian Lloyd has authored or co-authored 
a number of books or articles on these issues. Engineering 
Manpower in Australi a by Lloyd et al. (1979) draws together many 
of the important ideas in his earlier works. Lloyd observes 
that occupations in science and engineering are more structured 
than in other areas such as commerce and accounting, there being 
six identifiable occupational levels in science and engineering 
as follows: 



. professional level; 

. middle level; 

. technician level; 

. trade level; 

. operative level; 

. general labour level. 



The first four of these require formal post-school education. 

Lloyd asserts that two occupational levels between professional 
level and trade level have evolved in Australia in science and 
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engineering. For engineering occupations he proposes the 
general use of the terms 'engineering associate' for the higher 
level occupations (i.e. at middle level) and 'engineering 
technician' for the lower level occupations (i.e. at technician 
level) . The general term to cover engineering occupations at 
either of these two levels is 'engineering technical workforce'. 

Table 3.3 summarises che terms recommend by Lloyd, et al. (1979) 
in Engineer ing Manpower in Australia . 

The use of these engineering terms has subsequently been fully 
or partly supported by various groups in Australia and these 
terms have been adopted in this present study. 

Lloyd (1984) also calls for precision in the use of the terms 
•engineer' and 'technician'. He states that the term 'engineer' 
should be used only for the professional level, and therefore 
does not support the use of the U.K. term 'technician engineer' 
for the engineering associate category. The varying uses of the 
term •t^hnician' are confusing. Sometimes it is used to 
describe all occupations between the trade and professional 
level and sometimes it is used to describe occupations at the 
lower level of the engineering technical workforce. Lloyd 
argues that such confusion should be removed by using the term 
only for the lower level of the technical workforce. 

TABLE 3.3 BROAD TERMS AND CORRESPONDING ENGINEERING TERMS AT 
EACH OCCUPATIONAL LEVEL (FROM LLOYD ET AL. , 1979) 

BROAD TERM FOR SCIENCE AND TERM FOR ENGINEERING 
ENGINEERING 

Professional level professional engineer 

Middle level engineering associate 

Technician level engineering technician 

Trade level engineering tradesman 

Operative level 
General labour level 



Engineering Manpower in Australia (Lloyd, et al., 1979, p. 

10-20), Lloyd provides a general definition of each of the four 
engineering occupational levels from trade to professional level 
in terms of the 
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. level of activities (particularly the amount of manual and 
mental work) ; 



. scope of activities (including degree of original thought 
and amount of guidance required) ; 

. education and training required. 

He states that the specification of the educational level 
required is an essential element of the definition. The 
definitions indicate the necessary relationship between the 
level and scope of the activities of the occupational category 
and the education and training required for those employed in 
the occupational category. 

Importantly, Lloyd distinguishes two dimensions from the 
occupational level dimension. One dimension is that of 
occupational area (e.g. engineering, applied science). The 
other dimension is career progression or degree of supervision. 
Within each occupational level, three levels of career 
progression are identified (Lloyd, et al., 1979, pp. 10-14). 
These are: 



. base level; 
. senior level; 
. executive level. 



The Institution of Engineers, Australia and the Australian 
Institute of Engineering Associates have produced a joint 
publication entitled Guidelines on Education for the Engineering 
Industry (1983). This publication defines four workforce 
categories for the engineering industry from engineering 
tradespeople to professional engineers. These four categories 
are: 



. professional engineer; 

. engineering associate; 

. engineering technician; 

. engineering tradesman. 



The definitions are largely based on those provided in Lloyd et 
al., (1979). The Guidelines booklet is significant in Australia 
because it provides support for the concept of two occupational 
levels between trade and pr'^fessional and also because it gives 
impetus to the use of standard terms to describe each level. 
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The current Australian Standard Classification of Occupations 
(ASCO) also recognises two occupational levels between trade and 
professional level in science and technology occupations, 
including engineering (DEIR & ABS, 1983), 'Technical officer', 
is the generic term for the higher of the two levels in science 
and technology occupations, and 'technician' is the generic term 
for the lower of the two levels in science and technology 
occupations. 

TABLE 3.4 THE ASCO ENGINEERING ASSOCIATE AND ENGINEERING 
TECHNICIAN OCCUPATIONS (SOURCE: DEIR & ABS, 1983) 



CODE TITLE 



2046 


ENGINEERING DRAFTING AND OTHER TECHNICAL OFFICFR*; 


2046 


-A 


Technical Officer, Civil Engineering 


2046 


-B 


Technical Officer, Electrical Enaineerina 


2-46 


-C 


Technical Officer, Electronics Eng-^neering 


2046 


-D 


Technical Officer, Mechanical Engineering 


2046' 


-E 


Technical Officer, Process Control 


2046- 


-F 


Draftsman/ woman. Civil Engineering 


2046- 


-G 


Draftsman/woman, Structural Engineering 


2046 


-il 


Draftsman/woman, Electrical Engineering 


2046- 


-I 


Draftsman/woman, Electronics Engineering 


2046- 


-J 


Draftsman/woman, Mechanical Engineering 


2046- 


-Z 


Engineering Drafting and other Technical Officers NEC 


2047 


ENGINEERING TECHNICIANS AND DRAFTING ASSISTANTS 


2047- 


-A 


Engineering Technician, Civil 


2047- 


-B 


Engineering Technician, Electrical 


2047- 


-C 


Engineering Technician, Electronics 


2047- 


-D 


Engineering Technician, Mechanical 


2047- 


-E 


Drafting Assistant, Civil Engineering 


2047" 


-F 


Drafting Assistant, Electrical Engineering 


2047- 


-G 


Drafting Assistant, Electronics Engineering 


2047- 


-H 


Drafting Assistant, Mechanical Engineering 


2047- 


■Z 


Engineering Technicians and Drafting Assistants NEC 



Note: NEC = Not elsewhere classified 



In listing the engineering associate occupations, ASCO separates 
the drafting occupations (titled draftsman/ woman' with the 
branch of engineering given) from the other technical officer 
occupations. A similar policy is applied to engineering 
technicians where the drafting occupations (titled Mrafting 
assistant' v/ith the branch of engineering given) are separated 
from the other engineering technician occupations. Table 3.4 
lists the 11 engineering associate and 9 engineering technician 
occupations specified in ASCO. 

Thus ASCO implicitly recognises the existence of two 
occupational levels between trade and professional in each of 
the main branches of engineering, it is also significant that 
these two levels are recognised outside engineering occupations. 

A major study for the Queensland Industry & Commerce Training 
Commission examined the structure and training requirements of 
the engineering technical workforce in Queensland (Henneken, et 
al. , 1983) . 



The^ study, entitled Engineeri ng Middle Level Workforce Study ^ 
reviewed some of the most pertinent Australian literature on the 
engineering technical workforce and surveyed employers in 
Queensland. Based on the survey results, the authors concluded 
that two occupational levels existed in the engineering 
technical workforce. The report recommended the adoption of the 
terms: 



. professional ass. 

. technician (or pc_ ^rade) , 

for the upper and lower levels respectively. These terms 
correspond closely with the terms proposed by Lloyd, et al. 
(1979), namely: 



. engineering associate; 
. engineering technician. 



but are deliberately broader to enable their application in 
fields outside engineering. 

The Engineering Middle Level workforce Study found there was 
widespread confusion over the use of the term ^technician'. It 
recommended the replacement of the term ^technician' with 
* professional associate' in the Industry & Commerce Training Act 
where the reference is to the higher level. It recommends the 
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term •technician' be restricted to the lower level, and found 
the lower level to be the current and future growth area ir 
Queensland, as in the rest of Australia. 

After the distribution of the Engineering Middle Level Workforce 
Stu^ report, organisations were invited to comment on it. A 
policy statement, based on the report and the comments on it, 
was prepared by the Queensland Industry and Commerce Training 
Commission in 1984. The Queensland Minister has approved the 
implementation of the policy. The policy statement was 
circulated by the Director of the Division of Employment 
Planning and Training, Department of Employment and Industrial 
Affairs, Mr B.C.L. Read, in 1985. Interestingly, terms more 
specific to engineering are used in the policy statement, these 
being: 



. professional engineer; 

. engineering associate; 

. trade technician; 

. tradesman. 



(Read, 1985) 



TABLE 3.5 



SUMMARY OF THE TERMS USED IN THE MAJOR STUDIES 
REVIEWED TO DESCRIBE EACH ENGINEERING OCCUPATIONAL 
LEVEL 



OONPARATIVE 

STUDY 


U.S.A. 


U.K. 


AUSTRALIA 


QUEEMSIAMD 


French 
(198X) 


Ball 4 snarponis 
(1978) and 
French (1981) 


Connor 
(1983) 


Lloyd, et al. 
(1979) 


lEA £ 
AIBA (1983) 


OBIR £ ABS 
(1983) 


Henneken, et el. 
(1983) and 
Read (1985) 


Professional 
Engineers 


Engineers 


Professional 
Engineers 


Professional 
Engl.ieers 


Engineers 


Engineers 


Professional 
Engineers 


Technician 
Engineers 


Engineering 
Technologists 


Technician 
Engine CCS 


Engineering' 
Associates 


Engineering 
Associates 


Technical 
Officers 


Enginaering 
Associates i 


Technicians 


Engineering 
Technicians 


Engineering 
Technicians 


Engineering 
Technicians 


Engineering 
Technicians 


Technicians 


Trade 

Technicians 


Tradesmen 


skilled Workers 


Engineering 
Tradesmen 


Engineering 
Tradeseen 


Engineering 
Tradesaen 


Tradesmen 


Tradesmen 



To conclude this section a summary of the various terms 
recommended and used in some of the ma lot recent studies in 
Australia and overseas is given in Table 3.5. It is apparent 
from this Table that there is reasonable consensus on the use of 
the terms 'technician' for the lower level within the 
engineering technical workforce, but sharp disagreement exists 
on a term for the higher level. The ASCO term 'technical 
officer' reflects current job titles used widely in the public 
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service, but 'engineering associate* is supported by the major 
engineering associations in Australia. The U.K. term 

•technician engineer • is strongly opposed in Australia. 

The::e is broad agreement in the literature on the existence of 
two occupational levels between trade and professional level in 
engineering. As we shall see in the next section, the 
recognition of these two occupational levels does not 
necessarily carry recognition of the need for two separate 
educational programs. 

3.3 EDUCATIONAL QUALIFICATIONS OF THE ENGINEERING TECHNICAL 
WORKFORCE 

With respect to educational qualifications of the engineering 
lechnical workforce, two key issues arise in the literature. 
The first issue concerns the definition of each occupational 
level, and whether educational qualifications or job functions 
performed define each level. The second issue concerns the 
specification of appropriate education and training programs for 
each occupational level, and particularly whether the 
engineering technician level requires education and training 
programs different to those provided for the trade or associate 
level . 

Each of these two issues are discussed in this section. 
Definition by qualification or job function 

Most of the studies cited in the previous section provided 
definitions of each engineering occupational level, and these 
definitions usually have two main components: 

. types of job functions performed; 

. educational qualifications that are required or are 
appropriate. 

Thei-e are two main views on how each occupational level is 
defined. One view is that the types of job functions performed, 
including the breadth of activities undertaken, defines the 
worker's occupational level. A definable level of education, 
training and experience is usua^ l y necessary to be able to 
perform such functions. 

This was the approach of the Engineering Industry Training Board 
in its 1983 study (Connor, 1983). The study defined both the 
types of functions performed at each level and the formal 



educational qualifications 'probably but not necessarily' 
required for each of the two levels in the engineering technical 
workforce (Connor, 1983a, pp. 23 and 29) • "^he engineering 
technical workers interviewed in the study were classified as 
higher or lower level, based on the perception of their 
functional level by their employer. Using this method some 
engineering technical workers classed as functioning at the 
lower level were found to have higher educational qualifications 
than that specified as standard for the lower level by the 
EITB. This is illustrated in the distribution of educational 
qualifications among the two levels as given in Table 3.6. 



TABLE 3.6 PERCENTAGE DISTRIBUTION OF HIGHEST EDUCATIONAL 
QUALIFICATIONS FOR HIGHER LEVEL AND LOWER LEVEL 
ENGINEERING TECHNICAL WORKERS (FROM CONNOR, 1983B, 
P. 14) 



Specif icH] level 
of qualification 



Associate 
(or higher) 



Technician 
Trade 

Not specified 
Not specified 



Qualifications* 



Degree; HNC or HND; CGLI 
Full Technological Certificate 
TEC Higher Certificate or 
Diploma 

ONC or OND; CGLI Technician 
Certificate; TEC Certificate 
or Diploma 

CGLI Craft Certificate 
Other qualifications 
No qual f ications 



TOTAL: 



Higher 

level 

(n«118} 



Draugbtsaen 



51 

37 
1 
1 

10 



Lcifer 
level 
(n»68) 



28 

47 
3 
9 

13 



100 



100 



other Engineering 
tech nical workers 
Unrer 
level 
(n-277) 



Higher 

level 

(n^322) 



41 

29 
7 
8 

15 



iOO 



17 

31 
10 
9 
33 



100 



— " Hn" : SiSer^^^^i^f tU^Zt'^'^ Zc - "o'r^ certificate; 

The main weakness of the 'definition by function' approach is 
the difficulty in distinguishing the higher level functions from 
the lower level functions. This was one of the main findings of 
both of the EITB's studies in 1970 and 1983, and referred to in 
the previous section. 



There are few studies that have attempted to systematically 
specify the job functions of each of the two engineering 
technical workforce levels. All of the studies cited in the 
previous section as well as Kocketkov ( 1977) and Chandrakant 




36 



47 



(1975a, 1975b), cited in French (1981, pp. 24-27), have 
attempted to do so at a broad activity level* No studies known 
to the author have documented, at a detailed level, the 
activities undertaken by engineering technical workers over the 
full spectrum from lower level to higher level. French (1981, 
pp. 26-27) argues that there is a need for such studies, stating 
that 

Dr Chandrakant's brop.d spectrum of activities of a 
technician, interesting though it is, falls short of 
immediate practical use. What is needed is a detailed 
specification of subactivities, enabling us to see what 
is required of an electronic technician, of a design 
draftsman- , of a process planning technician, etc. 

In contrast to the Mef inition by function' approach, ^he 
^definition by qualification' approach provides clear boundaries 
for each occupational level in engineering. In Australia and 
many other countries the qualifications (i.e. formal education 
and practical experience) required fcr workers at each 
engineering oc'::upational level are generally well defined and 
widely accepted. The only possible exception is the engineering 
technician level. In Australia there is no specification of the 
educational requirement for the engineering technician level 
which is widely accepted and accredited among all of the States, 
but guidelines have been prepared by the Institution of 
Engineers, Australia and the Australian Institute of Engineering 
Associates (1983) . 

If a system of definition by qualification is to be acceptable 
to industry (including government and semi-government bodies 
undertaking engineering activities), the education and training 
should match the functional requirements of the job (French, 
1981, p. 46). This relationship between jobs and educational 
programs may be seen as a two-way relationship in which the 
education, training and work experience program is designed to 
suit th^ functional requirements of the job, and the job is 
patterned to fit the ^product' of the available education and 
training. 

Definition by qualification is widely used in Australia and 
overseas (French, 1981, p. 46) because it provides clear 
boundaries between each occupational level. Its main weakness 
is the difficulty of classifying those with a mixture of formal 
or informal education, training and woik experiences which do 
not neatly fit the specified qualification. 
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A further problem is that a few people appear to be 
satisfactorily performing engineering functions at a technician 
or associate level with qualifications specified for one level 
lower. There is prima facie evidence for this in Table 3.6 from 
the EITB (1983) study. The 1977 study by the Education 
Department of Western Australia, discussed in Section 3.2, also 
found considerable overlap in the functions of engineers and 
engineering associates. The reverse also appears to occur, 
namely, that a few people appear to be performing engineering 
functions at a technician or associate level with qualifications 
specified for one level higher. Perhaps the people in either of 
these two groups have informal education and training and/or 
special aptitude which fits them for the job they are 
performing. This issue has received little attention in the 
literature, and is an issue that should be researched. 

Bill Ford (1986) asserts that overlap or 'blurring' of job 
functions will be forced upon Australian industry through the 
introduction of nev technology and economic competition. New 
overseas technology usually has been developed on the assximption 
of flexible work organisation. This new technology, when 
introduced in Australian industry, will not provide optimum 
efficiency until more flexible work practices are employed. 
Horizontal blurring (e.g. across the mechanical and electronic 
engineering boundary) and vertical blurring (e.g. across the 
engineer and engineering associate boundary) will become more 
common in Australia as new overseas technology is introduced. 




Figure 3.2 The four major work organisation influences 
(SOURCE: Ford, 1986) 



He also asserts that there are other important influences on the 
way work is organised, and proposes a model which recognises 
four major influences on work organisation, as illustrated in 
Figure 3.2. The job functions of jobs are determined by: 

. new technologies; 

. skills formation (education and training system) ; 

. organisational structures; 

. industrial relations (e.g. demarcation by unions); 

and each of these interact with each other. 

Education of engi neering associates and engineering 
technicians 

French (1981) , in the UNESCO study cited in the previous 
section, found considerable variation among the 39 nations 
studied in the engineering educational programs for each 
occupational level. However, a general pattern was perceived. 
Most countries which recognised two levels between professional 
and trade had separate educational programs for each of the two 
levels. 



Also many countries specified a minimum period of training and 
related work experience before registration or recognition of 
engineering associates and engineering technicians. 

In the united states the educational qualification for the 
engineering technologist (which is the term for the level 
between engineering technician and professional engineer) is a 
four-year full-time Bachelor of Engineering Technology degree 
from a university or four-year college. The situation is, 
however, not uniform across all States in the U.S.A., as some 
States recognise the Bachelor of Engineering Technology as a 
professional level engineering qualification. The educational 
qualification for the engineering technician is a two-year 
full-time course at a junior college, community college or 
technical institute (French, 1981, pp. 138-9; Ball and 
Snarponis, 1978, pp. 48-9). 

The U.K. Engineering Industry Training Board defines the 
educational qualifications for the higher level (i.e. 
engineering associate) as completion of either Higher National 
Certificate or Diploma, City and Guilds of London Institute 
technological certificate, and Technician Education Council 
Higher Certificate or Higher Diploma. It defines the 
educational qualifications for the lower level (i.e. 
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engineering technician) as completion of either Ordinary 
National Certificate or Diploma, City and Guilds of London 
Institute Technician Certificate parts I and II, and Technician 
Educa ion Council Certificate or Diploma (Connor, 1983a, p. 29) . 

In the 1980-81 EITB study, employers were shown definitions, 
which included the above-mentioned educational qualifications, 
of each of the two levels. They were then asked if the two 
levels existed in l^heir organisation. Most employers agreed 
that the two levels existed, but many stated that for 
* engineering technicians' their firm's practice was 

to train all their technicians using one set of 
training recommendations and that they expected them 
all to acquire the same level of further education 
qualifications. In some cases the trainees would go 
directly into technician engineer jobs on completion of 
training, while others would start at the lower level 
and progress to technician engineer jobs with age and 
experience (Connor, 1983a, p. 6) . 

Similar comments were made about the two levels of draftsmen, 
although draftsmen were more likely to start at the lower level 
on completion of training and progres*" to the higher level with 
age and experience. 

The age distribution of 'engineering technicians' and draftsmen 
tended to confirm this. The 'engineering technicians* at the 
higher level had an older age profile than that of 'engineering 
technicians' at the lower level. A similar though more marked 
difference in age profile existed for the two levels within 
draftsmen. 

Summarising the situation in Australia, French (1981, pp. 77-8) 
observed that engineering associate level courses are offered in 
all States, the predominant course being four years part-time at 
a technical college. T"^ 3 other main type of engineering 
associate level course is a two year full-time course at a 
college of advanced education, this being more common in 
Queensland. According to French, engineering technician level 
courses are not available in all States, and take two main 
forms: 

. trade-related technician courses - four years part-time 
taken with indentured apprenticeship; 

. office-related technician course - three years part-time. 



It is important to note that some four year part-time courses 
taken with indentured apprenticeships are associate level rather 
than technician level. 



In those states v;here formal courses designed specifically for 
engineering technicians are not available, it is assumed that 
people in engineering technician occupations usually have 
either: 



. trade qualifications plus appropriate on-the-job training 
and work experience; or 

. partial completion of associate level qualifications and 
appropriate work experience. 

There are no Australian studies known to the author dealing with 
this issue. The present study has provided some data on this. 

Guidelines on Education for the Engineering Industry , the 

Institution of Engineers, Australia and the Australian Institute 
of Engineering Associates (1983) have provided guidelines on 
education for each of the four categories of engineering 
occupation, namely, professional engineers, engineering 
associates, engineering technicians and engineering tradesmen. 
It is a very useful document for engineering educators because 
it is cleai, concise, comprehensive, and apparently the result 
of extensive consultation eround Australia. 

In addition to the fact that it defines each of the four 
occupational categories this document promotes the idea of 
educational courses designed specifically for each occupational 
level. On this second point it contrasts with the attitude of 
the majority of employers in the U.K., as reported in the EITB 
study, which is that one type of course is preferred for both 
engineering associates and engineering technicians. 

There is general agreement in Australia on the types of 
educational qualifications required by engineering associates. 
The predominant qualification is a four-year part-time course at 
a TAFE college, but there are variations among the states and 
Territories. Examples are: 

. Certificate of Engineering in New South Wales; 

. Certificate of Technology in Victoria, and South Australia; 

. TAFE Diploma in Western Australia. (Lloyd, 1985, p. 2) 



The titles of these awards is expected to change to Associate 
Diploma within a year or two because of standardisation of 
titles recommended by the Australian Council on Tertiary Awards 
(Haydon, 1985). 

The other main qualification is a two-year full-time course at a 
college of advanced education. This course leads to an 
Associate Diploma and is the predominant qualification in 
Queensland. 



The educational qualifications required by engineering 
technicians are specified by lEA and AIEA (1983, p. 22) as 
either: 



. an engineering technician course and related training and 
work experience, or 

. further appropriate education after trade apprenticeship for 
the acquisition of knowledge and skills beyond trade level 
(as distinct from post-trade education for the enhancement 
of trade skills) , or 

. on-the-job training, either following an appropriate school 
preparation or a related trade apprenticeship, and involving 
the acquisition of knowledge and skills at technician level. 

Tbe^ last two qualifications point to the fact that many 
engineering technician occupations are closely related to trade 
occupations. Despite this close relationship, it is important 
to recognise that not all post-trade education prepares for 
technician occupations. Lloyd states that there are three 
categories of post-trade education and only the third category 
prepares technicians. The three categories are: 

. Post-trade courses, to enhance or update trade skills, will 
made tradesmen better tradesmen, not technicians. 

. Post-trade courses in supervision, will make better trade 
foremen, but trade foremen are not technicians. 

. Courses that build upon the basic trade courses, to provide 
greater depth and breadth of knowledge and skillr at a level 
of activity significantly above trade level, will produce 
technicians. (Lloyd, 1985, p. 3) 

For those technician occupations that are not closely related to 
a trade, an engineering technician course is the preferred 
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qualification (lEA and AIEA, 1983; Lloyd, 1985), but Lloyd 
(p. 3) recognises that partial completion of an associate-level 
TAPE ^ or CAE course is often the qualification held by 
technicians, particularly in those states that do not offer 
three or four year engineering technician courses. These 
occupations are referred to as 'office-related' by some authors, 
and include detail draftsmen, drafting assistants and technical 
assistants. 

The Engineering Middle Level Workforce Study in Queensland did 
not appear to recognise the office-related engineering 
technicians. in its interim report it stated that the lower 
middle (i.e. technician) level undertakes work "for which a 
trade qualification is necessary but increasingly insufficient" 
(Henneken et al., 1983, p. lO) . However, the policy statement 
from the Director of the Division of Employment Planning and 
Training, Department of Employment and Industrial Affairs in 
Queensland appears to qualify this position, stating that the 
technician level is predominantly trade-based (Read, 1985, 
p. 3) . The term used in this statement to describe the 
engineering technician level is 'trade technician', and this 
emphasises the trade relationship. 



3.4 OCCUPATIONAL ANALYSIS OF THE ENGINEERING TECHNICAL 
WORKFORCE 

Few occupational analysis studies, involving the analysis of the 
component tasks of the occupation, have been undertaken for 
engineering technical workforce occupations. 

It will be useful to classify the relevant studies using two 
criteria; 

. whether cluster analysis has been used to determine the 
occupational clusters, based on similarities in tasks 
performed ; 

. whether the full spectrum of engineering technical workforce 
occupations, or a single branch of engineering occupations, 
was studied. 

Studies in each of these categories were sought for review, and 
are discussed below. 
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studies using cluster analysis 



Cluster analysis provides a systematic and quantitative basis 
for grouping jobs that are similar in task components. 
Therefore occupational studies that use cluster analysis 
usually provide valuable insights into the smaller sub-groups 
within a known occupation, and/or an overview of the 
relationships between a group of occupations. 

A search of the literature by the author revealed no studies 
concerned with the full spectrum of the engineering technical 
workforce occupations using cluster analysis. 

There are, however, a series of studies conducted by Cunningham 
and his colleagues (see for example. Pass & Cunningham, 1977; 
Riccobono et al., 1974; Cunningham (Ed.), 1969), which undertook 
various cluster analysis of a sample of 1414 jobs, representing 
a wide range of jobs in the U.S.A. 

These studies aimed to validate the Occupational Analysis 
Inventory (OAI) and clustering method for occupational studies. 
The OAI contains 622 'work elements', and may be used as an 
instrument for analysing any occupation. The clustering 
technique employed was a hierarchical cluster analysis within 
the Comprehensive Occupational Data Analysis Programs (CODAP) . 
A similar cluster analysis method was used in the present study. 

These studies have generally confirm the validity of the OAI and 
the cluster analysis. For example, one study found, for the 
main clusters derived, moderate to substantial within-cluster 
homogeneity, inter-cluster discriminability, and cluster 
stability (Pass & Cunningham, 1977) . 

The last study in the series (Pass & Cunningham, 1977) used 102 
OAI 'first order factors', derived from the 622 work elements. 
These factors were used as the basis for clustering the 1414 
jobs. The result of the cluster analysis was the identification 
of 21 broad 'macro clusters' and 88 narrower 'micro clusters'. 
The 88 micro clusters were reduced, by combinations, to 47 
categories using judgemental criteria, and these 47 micro 
cluster categories are reported. 

Only two of the 21 macro clusters involve engineering 
occupations, and within these, five micro cluster categories 
involve engineering occupations. These are listed in Figure 
3.3. 
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The engineering micro cluster categories are still quite broad, 
and do not provide a useful detailed structure for engineering 
occupations • 

Micro cluster category Nxmber 21 includes professional 
engineering occupations over a broad range of engineering 
branches, plus drafting occupations. Number 22 includes 
electrical and electronic engineering and technical workforce 
occupations. Number 23 includes foremen and supervisors of 
production operations , and may include some non-engineering 
occupations. Number 43 includes occupations in electrical and 



HACRO CLUSTER 6. 
Occupations in Applied 
Physical Science & Technology 



21. 

Architectural 
Engineering, and 
related occupations 



22. 
Electrical 
Engineering and 
related occupations 



23. 

Managers and 
Operators of 
operations/ systems 



MACRO CLUSTER 20. 
Electricians, Electronic Technicians, 
and Related Occupations 



43. 44. 

Electricians and Occupations in 

Electronic Assembly and 

Technicians Repair of Electrical/ 

Electronic Components 
and Devices 

Figure 3.3 The two macro clusters and five micro clusters 
involving engineering occupations found in the Pass 
and Cunningham (1977) study 



electronic inspection, repair and maintenance, these being 
mainly at trade level with some at technician level. Number 44 
includes occupations in electrical and electronic assembly and 
repair, these being mainly at trade level. 

Other studies 

Studies that do not use cluster analysis to group jobs usually 
use one or two key variables to classify the occupational 
groups. Such variables include: 
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. brancn ^ of engineering (e.g. mechanical, electrical, 
electronic, and civil engineering) ; 

. industry area (e.g. mining, agriculture, manufacturing, 
public administration) . 

The profiles of tasks performed or skill required for each group 
are then determined. 

This method is appropriate when the broad structure of the 
occupation or occupatxons under study is well known and the 
smaller sub-groups are either known or are not of interest in 
the study. 

A small number of studies of this type, covering the full 
spectrum of the engineering technical workforce, have been 
reported. The most comprehensive study reported is the study by 
the Engineering Industry Training Board (EITB) in the United 
Kingdom (Connor, 1983). Some aspects of this study have already 
been discussed in Sections 3.2 and 3.3. A few of the other key 
findings of this major study are briefly presented here. 

The study involved an interview survey of 83 3 engineering 
technical workers in the 'engineering industry' in the United 
Kingdom. I!-, is important to note that the study did not involve 
all engineering technical workforce occupations, as the 
'engineering industry' only includes establishments within the 
scope of the EITB. it excludes civil engineering 

establishments, government establishments and foundry 
establishments. 

The authors reported difficulty in classifying the technical 
workforce jobs, commenting: 

One of the most impotcant features of the technician 
category which makes any classification of jobs within 
it extremely difficult, is the wide diversity of jobs 
covered by the term 'technician' and the many areas in 
companies where technicians have a role to play. 

(Connor, I983e, part 5, p. 8) 

The researchers used a judgemental method of classification 
allocating respondents to various job groups based on their job 
descriptions, their range of activities and their job titles. 

The study identified 21 main types of job, and each of these was 
grouped und^r one of five categories. The five categories and 
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21 job types are listed in Table 2.7, together with the 
percentage distribution of the jobs in the sample* 



TABLE 3.7 ENGINEERING TECHNICAL WORKFORCE JOBS AND THEIR 
PERCENTAGE DISTRIBUTION (FROM CONNOR (1983e) , THE 
TECHNICIAN IN ENGI NEERING , PART 5, P. 8) 



PERCENTAGE 



JOB TYPE (n « 833) 



Draftsmenr tech .cal specialist and R D & D related jobs (36%) 

Design draftsmen 14 

Detail draftsmen 8 
Laboratory technicians and technical (e.g. metallurgists, 
chemists, laboratory technicians, weights or stress 

engineers) y 

Design engineers 4 

Development engineers 3 

Manufacturing related -jobs (25%) 

Production and planning enginec t s/technicians 13 

Installat ion and commi ssion ing eng ineers 4 

Maintenance engineers/technicians 3 

Software jobs, e.g. NC programmers 3 

Other manufac turing jobs 3 

Test area jobs (18%) 

Test engineers/technicians and st;»-»dards engineers 9 

Inspectors 5 

Quality and reliability engineers 4 

Customer and supplier related jobs (14%) 

Contracts engineers 5 

Service engineers 4 

Estimators 3 

Technical sales engineers 1 

Supplier related jobs 1 

Central service jobs (7%) 

Work studv engineers 4 

Technical authors, writers and illustrators 2 

Other miscellaneous jobs 2 



TOTAL: 100 



The presentation of the data is somewhat confusing in part 5 of 
the EITB report, because in some cases the 21 job types are 
consolidated into 12 job groups (e.g. Tables 3.2 and 3.3 in the 
EITB report), in other cases 13 job groups (e.g. Table 3.4), in 
other cases 8 job groups (e.g. Tables 4.1 and 4.9) and in other 
cases 9 job groups (e.g. Tables 4.2, 4.3 and Figures 4.1 to 
4.9). This variation makes some comparisons difficult or 
impossible. Nevertheless a large amount of interesting and 
useful data are reported on the types of job groups, their 
activities and their skill requirements. 

The 833 respondents were questioned on each of 48 job 
• activities • , arranged in 7 main groups. They were also 
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questioned on the 'skills needed and knowledge required' in 28 
areas arranged in 4 main groups. It was found that 'information 
and communication activities' was the job activity group ranked 
highest in frequency. Of the 833 respondents, 98% carried 
out at least one activity in this group. A similar result was 
obtained in the present study (see Chapter 6) . The percentages 
for each of the seven activity groups are listed in Table 3.8. 

TABLE 3.8 PERCENTAGE OF ENGINEERING TECHNICAL WORKERS WHO 
CARRIED OUT AT LEAST ONE ACTIVITY IN EACH GROUP 
(FROM CONNOR (1983e) , THE TECHNIC iaw TW 
ENGINEERING . PART 5, P. 15) 



ACTIVITY GROUP 


PERCENTAGE 


Information and communication activities 


98 


Measurement or calculation of physical 


characteristics 


93 


Customer and supplier related activities 


85 


Design and drawing activities 


76 


Test and inspection activities 


70 


Manufacturing related activitir.s 


60 


Computer related activities 


32 


TOTAL NUMBER OF RESPONDENTS: 


833 



Some of the other key results of the EITB study follow: 

. the averag-: age of the engineering technical workforce was 
estimated to be approximately 36 years, the largest age 
group being the 25 to 34 year old age group which comprised 
33% of the engineering technical workforce; 

. the percentage of female technical workers is estimated to 
be quite low, being 2.3% but then- has been a fairly steady 
increase since 1971, when the percentage was 1.8%; 

. there has been a trend of a steady increase in the 
percentage of engineering technical workers in the total 
engineering industry workforce, rising from 7.4% in 1976 to 
8.3% in 1981 (with a provisional estimate of 8.7% in 1982); 
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engineering technical workers tend to be concentrated in 
large establishments, particularly those of over 1000 
employees . 



. engineering tec'inical workers also tend to be concentrated 
in electronic industries involved with new technology, and 
in industries requiring more than an average amount of 
drafting and design work. 

A survey v,as conducted by the Technical Education Division of 
the Education Department of Western Australia in 1976 and 1977 
(Cochra-.ia, 1977). The study was discussed in Section 3.2, and 
is of interest here because it was concerned with the full range 
of engineering technical workforce occupations, although it 
concentrated on educational qualifications and attitudes to the 
TAFE Diploma in Engineering. The report of the study was 

entitled A Report on the Survey of Industry Needs for 

Engineering Courses at the Technical and Further Education Level 

and was released in 1977. 

The survey involved interviews with 87 employers and 95 
employees, the employees being identified as engineering 
technical workers. 



TABLE 3.9 NUMBER OF EMPLOYEES IN EACH OCCUPATIONAL CATEGORY 
(SOURCE: COCHRANE, 1977, P. 19) 



Category 


NUMBER OF 
EMPLOYEES 


EMPLOYEES (PERCENTAGE OF ALL 
IN BRACKETS) 


Private Government 
Organisations Organisations 
(n = 49) (n = 36) 


TOTAL 
(n = 85) 


Engineers 


502 (2.6) 


587 (2.8%) 


1089 (2.7%) 


Engineering technical 


474 (2.4%) 


1547 (7.4%) 


2121 (5.0%) 


workers 








All employees 


19362 (100%) 


20789 (100%) 


40151 (100%) 
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The employer survey provided some particularly interesting data 
on the numbers of employees in different categories, although 
some important aspects were not discussed in the report. The 87 
organisations involved in the employer survey comprised 50 
private industry firms and 37 government departments or 
statutory authorities. Because of incomplete data, some 
results from one private and one government organisation were 
discarded. Data on the number of employees in each occupational 
category are presented in Table 3.9. 

Two important results derive from the data in Table 3.9. 
Firstly, engineering technical workers are clearly concentrated 
in government organisations rather than private organisations. 
In the employer survey, 77% of engineering technical workers 
were found to be in government organisations and 23% were found 
to be in private organisations. Secondly, the overall ratio of 
engineering technical workers to engineers varies significantly 
between private ana government organisations. For private 
industry, *-.he ratio is 0.9:1; for government organisations, the 
ratio is 2.6:1. Overall the ratio is 1.9:1. similar results 
were found in other Australian studies, including the present 
study . 

Employers in the Western Australian study were also asked to 
indicate the numbers of engineering workers employed on each of 
ten major work funccions. The functions mentioned below were 
nominated much more frequently than the remaining eight 
functions: 

. design and drafting; 

. plant installation and maintenance (Cochrane, 1977, p. 18) 

Another Australian study concerned with the full spectrum of 
engineering technical workforce occupations of much interest 
here is the Kinhill Stearns study for the National Training 
Council entitled The Priva te Sector Engineering Technical 
Workforce in Australia (1985) . At the time of writing, the 
report of this study was still only in draft form, so the 
results reported here should be regarded as tentative. 

The Kinhill Stearns study was restricted to the private sector 
only. ^ If Western Australia is representative of the whole of 
Australia, it appears t'lat the private sector employs only abouc 
a quarter of the engineering technical workforce (see Table 
3.9). As discussed earlier, there is a substantial difference 
in the ratio of technical workers to engineers between the 
public sector and the private sector. 
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The Kinhill Stearns study undertook two main surveys: 

• an employer survey, sampling 78 firms; 

• a technical worker survey, sampling 418 technical workers. 

Both surveys sampled the three States of Victoria, New South 
Wales and South Australia. Some of the key findings are: 

. the 78 employers reported a total of 5261 technical workers 
in their firms, of which 2.7% were females (Kinhill Stearns 
1985, pp. 11-12) ; 

. the ratio of technical workers to professionals was 1.1 : 1, 
and the ratio of technical workers to tradespersons was 
1:2.2 (p. 13) ; 

. for the sample of 418 technical workers, their average age 
was about 36 years (the largest group being the 35 to 39 
year-old group) , the salary range group having the highest 
frequency v/as $20,000 to $25,000, and 5% were females 
(pp. 15-16) ; 

^ for the sample of 418 technical workers, the average time 
spent in their present job was 6.6 years, and the average 
time spent in engineering occupations was 17 . 8 years (p . 
16) . 

The Australian Bureau of Statistics has published 1981 Census 
data (ABS, 1983). Question 27 in the 1981 Census asked 
respondents to describe each person's main job. Thus the 
statistical data on occupations is based on each person's 
self-description of his/her occupation and subsequent 
classification by ABS staff. In some cases '^he occupational 
classification was assisted by the individual's educational 
qualifications (ABS, 1982, p. 2). 

Engineering technical workforce occupations were classed by the 
ABS as occupations within the minor group 'Draftsmen and 
Technicians, NEC, NEC being the abbreviation for 'not elsewhere 
classified'. Thirteen occupations were identified in this minor 
group (ABS, 1982, p. 12). Using our definition of the 
engineering technical workforce (see Section 2.1), six of these 
occupations were judged to be primarily engineering technical 
workforce occupations, these being: 



. Draftsmen and Tracers 

. Civil Engineering Technicians 



(Code 066) 
(Code 068) 



. Electrical and Electronic Engineering Technicians (Code 069) 

. Mechanical Engineering Technicians (Code 070) 

. Mining Technicians (Code 073) 

. Engineering Technicians, NEC (Code 074) 

The 1981 Census revealed that a total of 68,092 people were 
employed in these six occupations in Australia. The 
distribution of the labour force by occupations and sex is shown 
in Table 3.10. 

TABLE 3.10 CROSS-TABULATION OF EMPLOYEES BY ENGINEERING 
TECHNICAL WORKFORCE OCCUPATION AND BY SEX, FROM THE 
1981 CENSUS 













PERSONS % 


OCCUPATION 


MALES 


FEMALES 


FEMALE% 


PERSONS 


OF TOTAL 


DRAFTSMEN & TRACERS 


27973 


5245 


15.8 


33218 


48.8 


CIVIL ENG. TECHN. 


7744 


330 


4.1 


8071 


11.9 


ELECTRICAL/ELECTRONIC T. 


15865 


253 


1.6 


16118 


23.7 


MECHANICAL ENG. TECHN. 


3751 


67 


1.8 


3819 


5.6 


MINING TECHN. 


605 


49 


7.5 


653 


1.0 


ENG. TECHN. NEC 


5627 


587 


9.4 


6213 


9.1 


TOTAL: 


61565 


6531 


9.6 


68092 


100.0 



Source: Australian Bureau of Statistics 1981 Census of 

Population and Housing, Table 74, 1983. 
NOTE: 1. Each cell in this table has been slightly randcisly 
adjusted by ABS to avoid the release of confidential 
data. Totals may be slightly more or less than the 
sun of their components. 
2, Component percentages may total slighty more or less 
than 100 because of rounding of corcponent 
percentages. 



Table 3 . 10 also indicates significant variation in the 
proportion of females among the six occupations. Similar 
results were found in other Australian studies and the present 
study (see for example Cochrane 1977, p. 17; Kinhill Stearns, 
1985, p. 11) . 

The remaining seven occupations were judged to be primarily 
non-engineering, although it is likely that some engineering 
technical workers could be classified in some of these 
occupations. These seven occupations are: 
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Physical Science Technicians 
Chemical Engineering Technicians 
Metallurgical Technicians 
Medical Science Technicians 
Life Sciences Technicians, NEC 
Veterinary Assistants, Technical 
Pharmaceutical Assistants, Technical 



(Code 067) 

(Code 071) 

(Code 072) 

(Code 075) 

(Code 076) 

(Code 077) 

(Code 078) 



."'he 1981 Census revealed that a total of 41,008 people were 
employed in these seven occupations in Australia, and the total 
number classifed in the minor group 'Draftsmen and Technicians, 
NEC* is 109,100 people* 



Table 3.11 



RECENT MAJOR OCCUPATIONAL ANALYSIS STUDIES 
CONCERNED WITH A BRANCH OF THE ENGINEERING 
TECHNICAL WORKFORCE AND A PARTICULAR STATE 
OF AUSTRALIA 



BRANCH OF 
ENGINEERING 



STATE 



STUDY 



Mechanical 



New South Wales 
New South Wales 



Brady, 1980 
Brady, 1981 



Electrical, 
Electronic 



New South Wales 
South Australia 
South Australia 
Queensland 



DTAFE NSW, 1978 
Hinkins, 1981 
Parkinson, 1983 
Knobel, 1985 



Civil , structural , 
surveying and 
related 



New South Wales 

Victoria 

Victoria 

Victoria 

South Australia 



Salasoo, 1980 
Peters, 1981 a 
Peters, 1381 b 
Malley et al. , 1982 
Brown, 1983 



Drafting 



New South Wales 
New South Wales 



Neilson et al., 1982 
Naylor, 1982 



Other branches 



Victoria 

New South Wales 

New South Wales 



TDDEV, 1975 

Grannall, 1982 

McGee & Piterans, 1983 
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As the 1981 Census occapational categories do not closely 
coincide with the definition of the broad category of the 
engineers technical workforce used in the present study, caution 
should be exercised in comparing the Census data with data from 
the present study. The 1981 Census does not provide an estimate 
of the size of the engineers technical workforce in Australia 
for the same reason. 

in Australia and overseas there have been a number of narrower 
occupational studies conducted in a particular geographic area 
for a single branch of engineering. 

A good example is the New South Wales TAPE study (Salasoo, 1980) 
of the job functions of the civil engineering, structural 
engineering and materials testing technical workforce 
occupations. A list of the recent major studies of this type is 
given in Table 3.11. Such studies have provided useful detailed 
information on industry needs for curriculum developers in TAPE 
and Training Authorities in Australia. Although many of these 
studies are relevant to aspects cf the present study, a review 
of each of these studies is not provided here. However, the 
results of some of these studies will be compared with relevant 
results of the present study in Chapters 5 and 6. 

3.5 CODAP OCCUPATIONAL ANALYSIS METHODOLOGY 

Occupational analysis usually involves determining the duties or 
tasks performed by a group of workers performing sLailar jobs. 
The term is usually distinguished from the narrower term 'job 
analysis', as job analysis often concentrates on studying the 
duties or tasks performed by an individual worker. 

Occupational analysis has a variety of applications, but the 
major applications of interest in this study are those of 
education and training needs, job classification, and career 
paths . 

CODAP (Comprehensive Occupational Data Analysis Programs) 
methodology was pri jrily developed within the United States Air 
Force and has been applied in occupational studies in the 
defence services in the United states, Australia and other 
countries for many years. It As a well developed methodology 
that has been extensively tested and validated. 

Whereas CODAP refers specifically to a suite of 50 computer 
programs, the term is also used to describe the associated data 
gathering methods. These methods involve a survey using a task 
inventory . 



CODAP is very useful when a detailed analysis of the work of 50 
or more workers is required. A CODAP study will: 

. find what job groups exist, each job group consisting of 
workers having similar job profiles; 

. provide a job profile on each job group; 

. provide a general profile on each job group on variables 
such as age, sex, job experience, education and location. 

^-le CODAP method may be used for any occupation which may be 
broken down into a number of tasks. Thus it is particularly 
applicable to manual occupations, but may also be used for 
almost any technical, clerical or managerial occupation. 

The task-inventory and the primary task factor 

In Occupational analysis the essential information to be 
obtained is which tasks are performed and the relative 
contribution of each task in terms of its importance or length 
of performance. 

Christal (1973, pp. 1-8) expJains how the task-inventory is 
developed for each occupational survey and which rating scales 
should be applied to each task in the inventory. He and a 
number of other authors recommend relative time spent as the 
primary task factor rather than other factors such as frequency 
of performance. Christal (1973, pp. 7-8) states: 

I strongly recommend use of the relative time-spent 
scale as the primary rating factor in occupational 
surveys, and that the obtained values be transformed 
into percent time-spent estimates. This is a 

requirement for the CODAP system, and it makes possible 
many types of analyses which cannot be accomplished 
using frequency of performance data. 

In recent years a number of researchers using CODAP methodology 
have used another scale, termed 'contribution to job'. The 
rationale for this scale is that for many occupations, and 
particularly those above base level occupations, the time-spent 
on a task is not the most pertinent measure. Some tasks may be 
very time consuming but relatively unimportant, whereas other 
tasks may require little time buv. be very significant in the 
overall performance of a person's job. For the contribution 
scale respondents are asked to consider factors suc^h as the 
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importance and the time-spent yn each task, and then rate the 
relative contribution to their job of each task. The relative 
contribution to job and the relative time-spent scales are 
similar types of scales. The concepts of 100% contribution for 
all tasks, and 100% time-spent for all tasks, are valid and 
meaningful. Thus, the ratings for individual tasks may be 
converted to percentages for either scale. 

The initial CODAP program converts the relative contribution or 
time-spent ratings into percent contribution or time-spent for 
each respondent. Subsequent analyses, such as the computation 
of group contribution or time-spent and cluster analysis, are 
performed on these individual task percent values. 

Cluster analysis bv coDAP 

A hierarchical cluster analysis procedure is used by CODAP to 
determine the occupational clusters based on similarity in taiik 
profiles. Unlike some other hierarchical cluster analysis 
procedures, the CODAP procedure does not increase the similarity 
index if two cases do not perform a particular task. This is an 
important desirable feature when large task inventories are 
used. 

Archer (1966) describes in some detail the cluster analysis 
procedure used by CODAP. At the initial stage, each of the a 
respondents in the analysis is treated as a cluster containing 
one member. The 'average overlap between groups' is calculated 
for each pair of clusters. Later writers termed the average 
overlap between groups as the 'between groups overlap index'. 
The between groups overlap index measures the degree of 
similarity in the task profiles of a pair of clusters, and has a 
maximum of 100% and a minimum of o%. m each clustering stage, 
the pair of clusters with the highest between groups overlap 
index is merged into a single cluster. Thus after the first 
stage, n-1 clusters remain. The overlap index for each pair of 
clusters containing the new cluster is then calculated. Again 
the pair of clusters having the highest index is merged into a 
single cluster, leaving n-2 clusters. This cycle is repeated 
until a single cluster containing all the respondents is formed. 

As each new cluster is formed, the average overlap within the 
new cluster is computed. Later writers termed the average 
overlap within the cluster as the 'within group overlap index'. 
The within group overlap index measures the degree similarity 
in the task profiles of the respondents in the cluster and has a 
maximum of loo% and minimum of 0%. 
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The •diagram' printout showing the result of the cluster 
analysis by CODAP is in the form of a tree diagram 
(dendrogram) • All clusters newly formed by the clustering 
program are shown in the diagram if they contain five (or any 
other predetermined minimum number) or more respondents. For 
each cluster the between groups overlap index and the within 
group overlap index are printed, and lines indicate the way in 
which each new cluster is formed from a pair of two smaller 
clusters. m the present study the diagram printout was quite 
large, so Figure 5.1 presents a simplified version. 

Once the diagram printout is obtained the problem is to decide 
which, if any, of the clusters shown in the tree diagram 
represent significantly different job types. Archer (1966, p. 
24) suggests what a suitable level of cluster homogeneity exists 
when the 'within group overlap index' is approximately 50% or 
higher anu the 'between groups overlap index' is approximately 
35% or higher. Clusters with lower indicer are likely to be too 
heterogeneous to be called a single job ^ype. However, Archer 
states that it is preferable to use these two indices only as 

.... tentative indicators of significant job types, and to 
consider additional informatior, such as the background 
characteristics of group members, before making final 
decisions. (1966, p. 24) . 

The group job .description 

Once the significant job types have been identified, a variety 
of analyses may be performed to obtain information on the task 
and duty profiles and other characteristics of each job type. 

The task profile of a cluster is termed the 'group job 
description' by CODAP writers (Goody, 1982, p. 35). The group 
job description is an important product of CODAP analysis. It 
is computed from the individual job descriptions of all the 
respondents n the cluster. Alongside each task in the 
inventory three main items of information are given. These are: 

. the percentage of members in the cluster that perform the 
task (percent performing) ; 

. the percentage contribution or time-spent on the task by 
those members who perform it; 

. the percent contribntion or time-spent on the task by the 
cluster as a whole (overall percent contribution or 
time-spent) . 

ER?C 57 



The third value is obtained by simply multiplying the first two 
values together and dividing by 100. For example, suppose there 
are 200 respondents in a cluster and 150 of them perform a 
particular task; and for these 150 respondents the average 
percentage contribution of the task is 8%, the three values that 
will be given are: 

. 75% of members in the cluster perform the task; 

. the task contributes an average of 8% to the jobs of those 
members who perform the task; 

. the task contributes an average of 6% to the jobs of all 
members of the cluster. 

The group job descriptions of each occupational cluster provide 
the basic information required by voca^-Ional curriculum 
developers. The primary task factor information of percent 
performing the task and overall percent contribution or 
time-spent on the zask establishes the 'onus of proof for 
course content. if curriculum designers want to include a 
little-used skill, the onus is on them to show why resources 
should be allocated to teaching ^t. Conversely, if a skill is 
regularly used in the workpL.ce, its omission from the 
curriculum should be justified (Goody, 1982, p. 33). 
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CHAPTER FOUR: METHODOLOGY 



To achieve the research objectives, a national survey of the 
engineering technical workforce was conducted. The sampling 
frame and survey instrument wero developed partly by 
interviewing representatives from industry, education and 
professional and para-professional associations. 

4.1 SAMPLING 

No single list of names and addresses adequately covered the 
population of engineering technical workers in Australia. The 
validity of this cluster analysis study depends on the 
comprehensiveness of the sample. All of the important groups or 
clusters of ongineeiing technical workers need to be sampled to 
provide a complete analysis of the engineering technical 
workforce structure. A biased sample will have little effect on 
the cluster analysis, other than effect the relative sizes of 
the populations they represent. To ensure a comprehensive 
sample, a sampling frame using two sources was used as follows: 

Employer sampling frame 

A list of firms likely to employ engineering technical 
workers was prepared from the yellow pages of telephone 
directories. 

A stratified random sample of the above list was selected, 
based on the stratum of State or Territory. The 1981 
census statistics for engineering technical workforce 
occupations, as given in Table A-1 in Appendix A. was used 
to proportionally divide the sample strata. 

A preliminary mail survey of sampled firms was undertaken 
to determine size of engineering technical workforce 
within each firm and the names of employees willing to 
participate in the main survey. 

A sampling frame was constructed, based on results of the 
above preliminary survey. 
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2. TAFE/CAE student and cpraduate sampling frame 



Na'-ues and addresses of students enrolled in middle level 
engineering courses in TAFE and CAE colleges in Australia 
were obtained. To ensure a wide range in length of 
industrial experience, two cohorts were sampled: 

- graduates and students enrolled in all stages of a 
course in 1980, 

- graduates and students enrolled in all stages of a 
course in 1984. 

A stratified random sample of the above list was selected, 
based on the stratum of State or Territory. The 1981 
census statistics for engineering technical workforce 
occupations, as given in Table A-1 in Appendix A, was used 
to proportionally divide the sample strata. 

A preliminary mail survey of the sampled students and 
ex-students was undertaken to determine the names of those 
who were willing to participate in the main survey. 

A sampling frarae was constructed, based on results of this 
preliminary survey. 

It was important to obtain a sample size of over 1,000 in the 
main survey to enable good coverage of the engineering 
occupations and a valid and stable cluster analysis. 

Because of the characteristics of the sampling frame, a low 
response rate was expected for the preliminary survey. For 
example, the addresses for the 1980 students were 5 years 
out-of-date. To overcome this, a large initial mailing of about 
5,000 was undertaken, and follow-up letters were sent to those 
on the industry list. Because of the confidentiality 
requirements in some States, follow-up letters could not be sent 
to those on the student list. Follow-up letters were also sent 
to those on the industry list in the main survey. 

The preliminary survey was conducted in November 1984. A small 
pilot survey, using a draft of the main survey instrument, was 
conducted in January 1^85. The final main survey was conducted 
in April 1985. 
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TABLE 4.1 PRELIMINARY SURVEY RETURNS 







Industry 


Student 








survey 


V ^ — ' Tf 




(a) 


Niuttber 


2,D23 


2,820 


5,343 


(b) 


Returned but not usable 










. returned unopened 


204 


£f \J ^ 






. returned after deadline 


11 


5 


16 


(c) 


Net (a-b) 


2,308 


2,612 


4,920 


(d) 


Completed Ly deadline 


1,089 


1,090 


2,179 


(e) 


Response rate (d/c) 


47% 


42% 


44% 


TABLE 4.2 MAIN SURVEY RETl 


7RNS 








Industry 


Student 








survey 


o V c y 


T'o4* ale 


(a) 


Number posted 


1,109 


712 


1,821 


(b) 


Returned but not usable: 










. returned unopened 


(12) 


(4) 


(16) 




. returned blank 


(17) 


\^ i 






. no to question 1 


(30) 


(28) 


(58) 




. returned after deadline 


(31) 




f55^ 




Total for (b) 


90 


60 


150 


(c) 


Net (a-b) 


1,019 


652 


1,671 


(d) 


Completed by deadline 


773 


457 


1,230 


(e) 


Response rate (d/c) 


76% 


70% 


74% 



The resulting response rates overall were 44% in the preliminary 
survey and 74% in the main suwey. Details of the returns are 
given in Tables 4.1 and 4.2. 



ERIC 



72 



A. 2 SURVEY INSTRUMENTS 



The preliminary survey instruments were primarily designed to 
obtain the names and addresses of. those within the engineering 
technical workforce and who were willing to complete the more 
detailed survey. Copies of the preliminary student 

questionnaire and the preliminary industry questionnaire are 
given in Appendix B, Copies of the covering letters and 
follow-up letter are also given in Appendix B. 

in both questionnaires, information on the field of engineering 
was sought . in the prcl iminary industry quest ionnaire , 

additional information on the number of engineering workers at 
each level was sought* 

The purpose of the main survey was to obtain information on the 
respondents, their employing organisations, ar*d the tasks that 
they performed in their jobs. 

The main survey instrument was a mail questionnaire in the form 
of a 40-page booklet with covering letter. Copies of the 
booklet and covering letter are given in Appendix B. The 
booklet was composed of two main sections. The first section 
dealt with the background variables of age, gender, educational 
attainment, job title, job experience, size and location of 
firm, salary and other variables. The second section consisted 
of an inventory of work elements. This inventory was developed 
to satisfy the following criteria: 

it adequately covered the scope of work performed by the 
engineering technical workforce in Australia; 

items in the inventory differentiated workers in different 
occupational clusters; 

items in the inventory provided useful information to TAFE 
curriculum developers and some items specifically covered 
work involving computers and other items covered work 
involved in quality control; 

the work elements were constructed at a level of 
specificity to result in an inventory of between 500 and 
1,000 elements; 

the work elements and their items conformed to CODAP 
methodology (Christal, 1973; Goody, 1982) , and in 
particular the first word of each task was to be a verb. 
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The design of the whole questionnaire was influenced by two 
general faccors. Firstly, although the nature of this research 
meant that the questionnaire was necessarily lengthy, it had to 
be easy to answer and not too time consuming, one way in which 
this was achieved was to arrange the tasks into small groups so 
that respondents were able to skip whole groups of tasks. 
Secondly, it had to allow straightforward keypunching and data 
checking. 

The inventory of tasks was developed by a panel of six experts, 
each of whom was familiar with engineering technical work in a 
major branch of ergineering. The panel of experts was given the 
above criteria. They undertook the developjient as individuals, 
and, towards the end of the development phase, worked as a group 
with the researcher to ensure consistency in style and to avoid 
duplication. 

After the development of the task inventory a draft of the maxn 
survey instrument was prepared. This was circulated to members 
of the project advisory committee and other interested persons 
for comment. 

In addition, a pilot survey was undertaken using the draft 
survey instrument. The intention of this pilot study was to 
identify any difficulties or shortcomings in the survey 
instrument. A particular objective of the p5\ot sur^'^i' was 1:0 
ensure that the inventory of tasks adequately covered the work 
of the engineering technical workforce. The last section of the 
pilot survey instrument sought general information on the 
coverage of the task inventory, the clarity of the questions, 
and the time taken to complete the questionnaire. A sample of 
30 respondents wais used, and ten of the respondents (from New 
South Wales, Victoria, and South Australia) were subsequently 
interviewed to obtain more specific information- 

The comments from the Advisory Committee, the data from the 
pilot survey, and the interviews each provided very useful 
information, and this information helped to shape the final 
version of the main survey instrument. In particular, the task 
inventory was expanded from 596 tasks in 60 groups in the pilot 
survey to 621 tasks in 61 groups in the final survey. The new 
group was titled 'BA - other electronic devices' and consisted 
of 3 tasks. Overall, however, the final version of the main 
survey instrument was not substantially different from the draft 
version used in the pilot survey. 
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TABLE 4.3 THE DUTIES AMD TASK NUMBERS IN SECTION B OF THE MAIN 
QUESTIONNAIRE 



Duty 



No. of tasks 



A. 

B. 

C. 

D. 

B. 

?. 

G. 

H. 

J. 

K. 

L. 

M. 

N. 

P. 

Q. 

R. 

S. 

T. 

U. 

V. 

W. 

X. 

Y. 

Z. 

AA. 

AB. 

AC. 

AD. 

AE. 

AF. 

AG. 

AH. 

AJ. 

AK. 

AL. 

AM. 

AN. 

AP. 

AC. 

HR. 

AS. 

AT. 

Al'. 

AV. 

AW. 

AX. 

AY. 

AZ. 

BA. 

BB. 

BC. 

3D. 

BE. 

BF. 

BG. 

BH. 

BJ. 

BK. 

BL. 

BM. 

BN. 



Project planning and -management 

General administration 

Written co.ti.t.u r. i c a t i or. 

Oral communication 

Finance and estimating 

Purchasing 

Sta££ development 

Sta££ supervision 

Quality assurance/qjali ty control 

Quality testing and measuring 

Mater ials test ing 

Ma intenance 

Safety 

Site inspection and investigation 

Data collection and analysis 

Use of calculators and c mputers 

Computer and digital control equipment 

Computing systems 

Digital and computing hardware 

Computing software 

Engineering drawing and graphics 

Design drafting 

Engineering survey drafting 

Cadastral survey drafting 

Electronic fabrication 

Power generation, energy transfer and fluid flow 

Electrical power generation, transmission distribution 

and utilization 

Automatic control systems 

Earth moving and mining 

Motor ised transport systems 

Process plant engineering 

Metal fabrication, turning and casting 

Wood, paper, plastics and packaging 

Building services 

Advisory and specialist services 

Construct ion 

Biotechnology and ergonomics 
Tooling and equipTient 
Materials handling 
Production eng inee r i-^.g 
Work study 
Fluid power 

Electrical instrjments and sensors 
Power electronic devices 

Electrical protection uevices, relciyb and concaccors 

Power transformers, circuit breakers and isolators 

Electrical drives 

Electronic communication 

Other electronic devices 

Engineering surveying 

Cadastral survey ing 

Hydrographic surveying and drawing 

Survey computations 

Civil design and computations 

Structural design and computations 

Hydrology and hydra^jlics 

Town planning 

Cartography 

Air photo and map interpretation 
Survey investigation and searching 
Still and movie photography 



8 
15 
11 

la 

8 
7 

10 
5 
6 

14 
5 

10 
5 

14 
7 

12 

12 
9 

17 

10 
8 

12 
7 
7 
6 

11 

27 
20 

8 

9 
10 
11 
11 
13 
14 
11 
12 
12 

6 

9 

8 
10 
11 
II 
14 
17 
13 

8 

8 
10 

4 
10 

7 
11 

3 

9 

8 

7 
10 

8 

5 



Total tasks 



621 
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For the purpose of this study, the work elements in the 
inventory were called 'tasks*. There were a total of 621 tasks 
in the inventory. These were arranged into groups called 
•duties'. There were 61 duties in the inventory, and ;,xiese are 
listed in Table 4.3. During the analysis phase of the project, 
the 61 duties were arranged into four groujs called 'areas', to 
assist in interpretation of results. These four areas were not 
indicated on the survey instrument. 

A 7-point rating scale of 'contribution to your job' was used 
for each of the 621 tasks in the inventory. Respondents were 
asked to consider the overall contribution that their 
performance of the task makes to their job. They were 
instructed that the contribution rating should be influenced 
equally by two factors: 

amount of time spent on the task; 
importance of the task. 

Instructions on how to rate the contribution of each task were 
given at the start of Part B on Page 7 of the questionnaire. In 
addition, the rating scale was reproduced frequently throughout 
the succeeding pages of the task inventory. 

The 'contribution to job' scale was used instead of the more 
common 'time-spent' scale because it was considered to be more 
appropriate in this study. in engineering work, tasks may 
consume relatively little time yet contribute relatively much to 
the overaxl job of the technical worker. Relative contribution 
is the variable of more interest to curriculum designers. 

4.3 DATA ANALYSIS 

Simple statistics were obtained from the preliminary surveys. 

The main survey data were analysed by various programmes within 
CODAP (Comprehensive Occupational Data Analysis Programmes) . 
While many of the CODAP analyses parallel analyses performed by 
programmes within other statistical computer packages such as 
SPSS and GENSTAT, the CODAP analyses provided a good format as 
well as greater detail. 

The key part of the analysis was the cluster analysis. This 
sorts the sample of respondents into groups or clusters, based 
on their similarity in tasks performed. 
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After the clusters were determined, the characteristics of each 
cluster were analysed to give: 

task and duty profiles; 

profiles on background variables (e.g. age, gender, 
salary, education) . 

Some frequency cross-tabulations on field of engineering by 
other background variables were also performed. 

The existence of two levels within the engineering technical 
workforce was tested fty checking for relationships between: 

highest education and 'task level index'; 
highest education and number of tasks performed. 

The correlation between these two pairs of variables were 
calculated and the significance levels determined. 

TasI: level index was measured by firstly obtaining for each of 
the 621 tasks, an average task level rating on a 1 to 7 scale as 
follows: 

7 - task always performed by upper middle level technical 
workers (or professional engineers) 

6 - task mostly performed by upper middle level technical 
workers (or professional iingineers) 

5 - task performed by upper middle level technical workers 
more often than lower middle level technical workers 

4 - task performed about equally by upper and lower midale 
level technical workers 

3 - task performed by lower middle level technical workers 
more often than upper middle level technical workers 

2 - task mostly performed by lower middle level technical 
workers (or tradespeople) 

1 - task always performed by lower middle level technical 
vrorkers (or tradespeople) 

The avf.age ratings were calculated from the ratings of a panel 
of ten experts who were familiar with engineering associate 
level and technician level occupations. There was a reasonably 
good level of agreement among the ten raters. 
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These average ratings were then rescaled to give a 0 to 1 
range. The task level index for each cluster was calculated by 
summing the products of the rescaled task ratings and the 
overall contribution to job percentages, over the 621 tasks in 
the inventory. The theoretical range of the task level index is 
0 to 100* 

Task level index was calculated to give an indication of the 
average level, of tasks performed, based on the model 
represented in Figure 3.1 and the assximption of two levels 
within the engineering technical workforce. 
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CHAPTER 5: PRELIMINARY SURVEY RESULTS 



The main purpose of the preliminary surveys was to obtain the 
names and addresses of engineering technical workers who were 
willing to participate in the subsequent main suirvey. Some 
additional useful information was obtained, including the field 
of engineering of the respondent and, in the case of the 
preliminary industry survey, the distribution of employees among 
four engineering occupational categories. These results are 
presented in the fox^owing sections. 



TABLE 5.1 



DISTRIBUTION 
ENGINEERING 



OF RESPONDENTS IN DIFFERENT FIELDS OF 



Prelim, 
student 
survey 



Prelim, 
industry 
survey 



Field 


no. resp. 


no. employers* 


Electronic 


151 


122 


Electrical 


122 


223 


Mechanical 


144 


386 


Production 


35 


120 


Work study/methods 


3 


20 


Structural 


19 


284 


Materials t-- sting 


12 


81 


Civil 


60 


386 


Survfeying 


31 


142 


Mining 


8 


61 


Automotive 


51 


102 


Other field 


107 


122 


Unusable 


44 




TOTAL: 


787 


2 030 



*Note: In the preliminary industry survey, employers could 
nominate more than one field of engineering. 
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5.1 FIELD OF ENGINEERING 



distribution of respondents in different 
of engineering. Differences in the 
the preliminary student survey and 
survey were expected because of the 



Table 5.1 gives the 
fields or branches 
distribution between 
preliminary industry 

different sampling frames, and the fact that multiple responses 
on the 'field of engineering' question were allowed in the 
preliminary industry survey, while only one response was allowed 
in the preliminary student survey. 

The distribution of respondents in different fields of 
engineering in the main survey is discussed in Section 6.2. 

5.2 ENGINEERING OCCUPATIONAL CATEGORIES 



asked 



Question three in the preliminary industry survey 
respondents to indicate the number of engineering workers in 
their organisation in each of four categories: 

professional engineer or surveyor 
engineering technical worker 
tradesperson 
apprentice. 



TABLE 5.2 NUMBER OF ORGANISATIONS CROSS -TABULATED ON NUMBER OF 
ENGINEERING EMPLOYEES BY CATEGORY 



No. employees 


Professional 


Technical 


Trade 


Apprent ice 


0 


415 


393 


468 


634 


1 


138 


109 


54 


121 


2-S 


238 


246 


181 


184 


6-10 


123 


17 


114 


51 


11-20 


ft9 


97 




2 J 


21-50 


40 


64 


73 


26 


51-100 


20 


23 


29 


16 


100-200 


8 


10 


31 


5 


200-1,000 


15 


21 


26 


12 


over 1,000 


1 


6 


10 


2 


Minimum 


0 


0 


0 


0 


Maximum 


1 470 


4 540 


4 690 


1 705 


No. responses 


1 079 


1 076 


1 075 


1 074 


Total no. 






employees 


14 515 


28 187 


46 194 


11 675 


Mean no. 










employees 


13.5 


26.2 


43.0 


10.9 



ERIC 



70 



80 



It was expected that our sampling procedure would involve 
contacting some organisations that employed no engineering 
staff. Of the 1089 respondents, 118 indicated no engineering 
staff employed in all four categories* These 118 cases were 
excluded from the analysis. 

Table 5.2 gives the number of organisations cross-tabulated on 
number of engineering employees by category for the 
organisations responding in the preliminary industry survey. A 
high proportion of organisations had one or two employees in 
only one of the levels and no employees in the other levels , and 
this was refle<;ted in the relatively large numbers of 
organisations having no employees in the four categories (first 
row of Table 5.2). A small number or orgar:isations had very 
large numbers of employees in each level, and this had a 
significant effect on the mean number of employees at each 
level. Overall, there are most employees at the trade level 
(mean = 43.0) . 

Table 5.3 gives the number of organisations cross-tabulated on 
number of professional engineers by number of engineerirg 
technical workers. The table indicates that 140 organisations 
had no professional or technical workers in engineering (but 
must have had at least one trade or apprentice worker) . 

The pattern of frequencies in this table indicates that in 
small, medium and large organisations, the number of employees 
in technical levels is generally about the same or higher than 
the number of employees at professional levels of engineering. 
A further trend apparent in Table 5.3 is that large 
organisations tend to have higher ratios of engineering 
technical workers to professional engineers compared with small 
organisations . 

TABLE 5.3 NUMBER OF ORGANISATIONS CKOSSTABULATED ON NUMBER OF 
PROFESSIONAL ENGINEERS BY NUMBER OF ENGINEERING 
TECHNICAL WORKERS 



Technical 0 1 2-5 6-10 11-20 21-50 51-100 100-200 200-1000 over 1000 Total 

Professional 

0 140 ^0 70 17 13 1 0 0 2 0 295 

1 69 29 2ft 8 0 1 I 0 0 0 no 
2-5 39 26 106 42 15 *j I 1 I 0 236 
6-10 14 4 29 J5 24 16 I 0 0 0 12J 
11-2J 4 0 10 1 3 29 20 5 I 0 0 82 
21-50 5 0 I 2 4 15 2 4 0 39 
51-100 2000227 3 4 0 20 
100-200 0001012 I i 0 8 
200-1000 0000000 2 8 4 14 
over 1000 0000000 0 0 1 1 

Tutdl 27 J 109 244 118 87 (> \ 2j 10 19 5 954 
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Table 5.3 also indicates that the ratio of engineering technical 
workers to professional engineers varies widely among the 
different employers. For example, two organisations indicated 
51 to 100 professional engineers and no engineering technical 
workers. On the other hand, another two orgarJ sat ions indicated 
200 to 1000 engineering technical workers and no professional 
engineer. This point should be borne in mind when examining 
whole — sample ratios. in addition, other studies indicate that 
there may be a big difference between the public sector and the 
private sector in the average ratio, with the public sector 
tending to have a higher ratio of engineering technical workers 
to professional engineers (see Section 3.4). 

For the preliminary industry survey, whole sample ratios are 
given in Table 5.4. These ratios are simply computed from the 
mean number of employees per organisation in each category, as 
given in Table 5.2. 



TABLE 5.4 WHOLE SAMPLE RATIOS OF EMPLOYEES IN EACH CATEGORY 



Ratio 


Value 


Technical workers: professionals 


1.9 :l 


Tradespersons : technical workers 


1.6 :1 


Apprentices: tradespersons 


0.25:1 



The 1.9:1 ratio of technical workers to professionals is the 
same as that found in the Education Department of Western 
Australia study (Cochrane, 1977) . The three ratios' differ 
though from those found in the Kinhill Stearns (1985) study. It 
is strongly suspected that the differences are mostly 
attributable to differences between the public and private 
sector, as the Kinhill Stearns study only sampled the private 
sector. 
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CHAPTER 6: MAIN SURVEY RESULTS 



The main survey obtained a net national sample of 1,230 
engineering technical workers, and its purpose was to identify 
the main occupational groups and their characteristics. 

This chapter presents the results of this survey. The key 
result was obtained from the cluster analysis of the sample, and 
this is presen-ed in the first section. In subsequent sections, 
the background information and job functions of each group is 
discussed, progressing frcir. the whole sample (representing the 
engineering technical workforce) to the minor clusters as 
follows: 

whole sample 




major clusters 




intermediate and primary clusters 



The intermediate and primary clusters within each of the four 
major clusters are dealt with in separate sections. 



6.1 CLUSTER ANALYSIS RESULTS 

The most important part of the analysis of the main survey data 
is the cluster analysis. 

When interpreting the result of t;he cluster analysis, four 
things should be borne in mind. Firstly, the clustering is 
based on the similarity of task contribution ratings (Section B 
of questionnaire). Thus, two respondents who perform somewhat 
simixar tasks are likely to be in the same cluster, irrespective 
of pot?Gible differences in their background characteristics such 
as ">ge, education and size of employer. 



Secondly, clusters were only included in subsequent analysis if 
they contained five or more members. 

Thirdly, the primary clusters at the bottom of the cluster 
diagram were only included in subsequent analysis if they had a 
within group overlap index (a measure of cluster homogeneity) of 
40% or more and a between groups overlap index of 25% or more. 
Most of the primary clusters had a within group overlap index of 
50% or more. Those having within group indices of 40 to 45% 
and/or between groups indices of 25 to 30% should be regarded as 
marginal, and are indicated by an asterisk ;*) in Tables 6.4, 
6.5, 6.6 and 6.7. 

Fourthly, interpretation of the nature of each occupational 
cluster may be based on all of the information available from 
analysis of the survey, and this includes the duty profiles, 
task profiles and profiles on background variables. The titles 
assigned to each ocoipational cluster in this study are 
descriptive and have no industrial or legal status. The titles 
have been assigned on the basis of the job profile of each 
clu£ ter. 

. In Section 3.5 the clustering process was described in general 
terms. When examining the clusters obtained in this study, it 
will be usefull to distinguish five types of cluster, obtained 
at different stages in the clustering process as follows; 

whole sample cluster (n = 1) 




major clusters (n = 4) 




intermediate clusters (n ^ 45) 




primary clusters (n = 99) 




individual respondent clusters (n = 1230) 

in this study the 1230 respondents formed 1230 individual 
respondent clusters at the first stage of the clustering 
process. in subsequent stages, the clusters combined to form 
larger clusters, until a single whole scunple cluster, 
containing 1230 members, was formed. The cluster diagram shows 
all of the clusters except the individual respondent clusters. 
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NOTES: i. The number at the top of each box or circle is the 

•cluster number' which has been assi'jned durii.y the 
clusterin9 process. The numbers m pdrentheises reter 
to th«j number of respondents xn each cluster. 
2, Only the larger clusters are shown m this sununary. 
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Figure 6.1 Summary of the cluster diagram 
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Figure 6.2 Part 1 of the full cluster diagram, showing 
clusters within engineering systems and 
administration 
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Part 3 of the full cluster diagram, showing clusters within and near drafting and design 
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Cluster diagra m snirnnary 



The result of the cluster analysis is summarised in Figure 6.1, 
giving the four major clusters and important intermediate 
clusters* The full cluster diagram has been divided into four 
parts because of its large size, and is given in Figures 6.2, 
6.3, 6.4 and 6.5. 

Each box or circle in the cluster diagram represents a cluster 
of five or more respondents. The number at the top of each box 
or circle is an arbitrary number assigned during the clustering 
process, and is called cluster number or group number 
The number in brackets indicates the number of respondents 
within that cluster* 

The cluster diagram is a two-dimensional tree diagram, useful 
for showing the primary relationships between clusters. For 
each cluster, the immediate neighbouring clusters are similar in 
job profile. As the analysis is multidimensional rather than 
two-dimensional, it is quite possible that a cluster near the 
far left of the diagram may have a somewhat similar job profile 
to a cluster near the far right. 

The vertical position in the diagram indicates the approximate 
degree of similarity within each cluster. A cluster at the 
bottom of the dendrogram has high within group similarity. In 
other words, members of such a cluster tend to be homogeneous in 
their job profiles. A cluster near the top of the dendrogram 
has low within group similarity. In other words, members of 
such a cluster tend to be heterogeneous in their job profiles. 

Clusters linked directly by vertical lines to a cluster above in 
the diagram are sub-sets of that cluster above it* 

Primary clusters 

The primary clusters are shown at the bottom of the full cluster 
diagram (Figures 6.2 to 6.5) and, as stated before, are only 
shoTvn in the diagram if they contain five or more members and 
have a within group overlap index of over 40% and a between 
groups overlap index of over 25%. In this study, each primary 
cluster represents a distinct job type or occupational cluster 
within the engineering technical workforce . There were 99 
primary clusters found in this study. 
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The job type of tach of the 99 primary clusters was interpreted 
by referring to the duty and task profiles of the cluster. 
Further h^lp in determining the nature of each cluster was 
obtained by referring to the background information on each 
cluster, particularly the information on average age, average 
salary and highest education. 

It was found that each of the primary clusters was clearly 
interpre table, and consequently a descriptive title was given to 
each cluster. 

Intermediate clusters 

The intermediate clusters are shown above the primary clusters 
but below the major clusters. The intermediate clusters consist 
of two or more primary clusters, and are larger than most 
primary clusters. Each intermediate cluster represents a broad 
occupational category in the engineering technical workforce. 
There were 45 intermediate clusters fcand in this study. 

The number of respondents in each intermediate cluster must be 
greater than or equal to the sxun of the number of respondents in 
each primary cluster linked below it. In cases when the number 
in the intermediate cluster is higher than the sum, some 
individual outlying respondents have merged with the 
intermediate cluster at the intermediate stage of the clustering 
process. 

The hierarchical pattern of the cluster diagram was meaningful 
and easy to interpret. This pattern provides useful guidelines 
for those planning courses for the engineering technical 
workforce, it suggests, for example, ways in which: 

. mainstream courses may include more specialised options 
which meet the needs of one or more primary clusters; 

. courses aimed at the needs of broad occupational categories 
(represented by the intermediate clusters) may be composed 
of curriculum modules, each module meeting the needs of a 
primary cluster. 

Major clusters 

The major clusters are shown near the top of the cluster 
diagram, and consist of two or more intermediate clusters. Four 
major clusters were found in this study: 




. cluster 74 '.38 respondents) titled 'Engineering Systems 
and Administration'; 

. cluster «2 (318 respondents) +:itled 'Civil Engineering and 
Surveying ' ; 

. cluster 68 (123 respondents ) titled 'Drafting and Design'; 

. cluster 34 (188 respondents) titled 'E:.sctrical and 
Electronic Engineering ' . 

These four najor clusters are quite comprehensive in their 
coverage of the occupations within the engineering technical 
workforce, as altogether 96 of the 99 primary clusters ^-ere 
included in one of the four major clusters. The three clusters 
that were not included may be termed 'outliers'. Outliers merge 
directly with the whole sample cluster, without merging into one 
of the major clusters. 

one of the outliers, titled 'senior structural analysis and 
desigr- officers', was positioned between the two major clusters 
•civil engineering and surveying' and 'drafting and design', and 
is shown in Figure 6.4. 

The other two outliers, titled 'fluidic and electronic 
technicians' and 'equipment maintenance technicians', were 
positioned adjacent to the major cluster 'electrical and 
electronic engineering', and are shown in Figure 6.5. 

Interpretation o f the cluster analysis result 

All except one of the traditional major engineering disciplines 
e- ged as single distinct major clusters in the cluster 
analysis. 

Civil engineering and surveying emerged as a major cluster, as 
did electrical and electronic engineering. The interesting 
feature is that the major field of mechanical engineering did 
not form a single distinct major occupational cluster, but 
tended to be included in the two major clusters of: 

. engineering systems and administration (27% of members in 
the mechanical field) ; 

. drafting and design (40% of members in the mechanical 
field) . 
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The major cluster of Engineering Systems and Administration 
(cluster 74) includes good numbers of those within mechanical/ 
electrical, civil and electronic engineering. Membership of 
this cluster seems to be based on the common duties of written 
and oral rommunication, staff supervision and general 
administration, as well as other general engineering duties. 
Specialised engineering duties are less important in this major 
cluster. The average age, salary, and contribution of 

administration and supervision tasks indicates that, in 
general, these members tend to hold more senior jobs within 
their organisations than members of the other major clusters. 

Cluster membership depends on the relative contribution of each 
of the 621 tasks in the inventory, so each cluster may be viewed 
as a group of points in 621-dimensional space. However, the 
result of the cluster analysis, and in particular the way in 
which four major clusters emerged, suggests that four broad 
factors operate, these being: 

the contribution of general tasks and general engineering 
tasks (including communication, administration and 
supervision) ; 

the contribution of drafting and design tasks; 

the contribution of civil engineering and surveying tasks; 

the contribution of electrical and electronic engineering 
tasks* 

This means that if either of the first two factors are dominant 
for a particular cluster, one of the two major 'non-specialised' 
major clusters would contain that cluster. For example, if a 
traditional civil engineering occupational cluster is primarily 
engaged in drawing, it would appear urdsr the major cluster 
•drafting and design*. 

It is postulated that a factor analysis of the 621 task 
contribution ratings over the whole sample would distinguish 
four such factors. The project resources did not allow the 
undertaking of such analysis. This issue could be the subject 
of further resear^.i. 

For convenience the above four factors may be condensed to the 
three factors of: 




83 



general tasks, 

drafting and design tasks, 

specialised engineering tasks. 

The four major clusters may then be represented in three- 
dimensional space, as illustrated (in simplified form) in Figure 
6.6. 

This Figure illustrates the point that two clusters may be 
somwhat • close • in job functions, while still falling within 
separate major clusters. An example of this would be clusters 
at points A and B in Figure 6.6. 



GENERAL TASKS 
high 



cluster 74 



cluster 68 



cluster 34 




NOTE : . ma^or cluster 74 = enginering systems & administration 
. major cluster 82 = civil engineering & surveying 
• major cluster 68 ~ drafting i design 

. major cluster 34 = el^ct^ical & electronic engineering 

Figure 6.6 The four major clusters in a 3 -dimensional space 
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6.2 BACKGROUND INFOBMATION ON THE WHOLE SAMPLE 



The purpose of the main survey was to obtain inforstation on the 
occupational clusters within the engineering technical workforce 
and in particular, information on the job junctions of each 
cluster. Nevertheless it will be useful to examine the sample 
of respondents as a whole, in order to allow some comparisons 
with past and future studies and to provide some indication of 
the general characteristics of the engineering technical 
workforce in Australia. 

Some caution should be exercised in applying the whole sample 
information to the engineering technical workforce population. 
As discussed in Chapter 4, the sampling procedure aimed to 
obtain a large and comprehensive sample, and the net sample of 
1230 respondents may not give an accurate indication of 
population characteristics. Nevertheless the sample provided 
some useful information on the broad characteristics of the 
engineering technical workforce. 

The whole sample consisted of 1230 respondents. As reported in 
Chapter 4, 1821 survey booklets were sent out and 1380 booklets 
were returned. Of the returns, 1230 were usable and 150 were 
not usable for various reasons (e.g. 58 answered "no" to 
question 1, and 55 were returned after the deadline). 

Part A of the survey booklet sought background information on 
the respondent and his/her workplace, and consisted of 13 
questions. A copy cf the survey booklet is given in Appendix 
F. The first nine questions were concerned with the respondent 
and his/her job. 

Question 1 asked the respondent: 'Are you presently employed in 
any engineering occupation with functions somewhere between 
tradesperson and professional engineer or surveyor?' This 
question acted as a final filter to help insure that on]y 
engineering technical workers were included in the sample. A 
total of 58 respondents answered 'no* to this question and these 
were excluded from further analysis. 

Question 2 asked the respondent to indicate his/her age. The 
age of respondents ranged from 16 to 63 years, the average being 
33 years. Figure 6.7 shows the age distribution of the whole 
sample. The sample average age of 33 years is a little lower 
than the 36 year average of the sample of engineering technical 
workers in the Kinhill Steams study (see Section 3.4). 

* ' o 
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In question 3 respondents were asked to indicate their sex. The 
responses showed that the proportion of females in the sample 
was very low, there being 32 females repre^^enting 2.6% of the 
sample. This proportion is similar to thac fo'ind in other 
stuUes, such as the Kinhill Stearns study reported in Section 
3.4. 

In question 4 respondents were asked to indicate the job title 
closest to their own job title by selecting from a list of 12 
job titles. The 12 titles did not include names of engineering 
fields or branches. For example, it was expected that a person 
with the title of 'electronic tachnician' would choose the title 
'technician' from the list of 12 titles. 
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Figure 6.7 Age distribution of the sample 

Table C-1 in Appendix C gives the frequency cross-tabulation of 
job titles by fields of engineering. The job title of 
•technical officer' was zhe most common overall, applying to 334 
respondents or 27% of the sample. The table indicates 
significant variation in the distribution of job titles among 
the various fields of engineering. A marked feature is the high 
use (25% of those in electronic engineering) of the term 
'technician' in electronic engineering. 
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Question 5 sought information on thv<5 respondent's salary at the 
time the survey was conducted (April 1985) • The salary 
distribution of the sample is given in Figure 6.8, From this 
distribution the average salary of the sample was estimated at 
$23,000, 
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Figure 6.8 Salary distribution of the sample, 
as at April 1985 



Questions 6 and 7 sought information on the length of time the 
respondent had been in his/her present position and the length 
of time employed in engineering occupations. Over the whole 
sample the average length of time in the • present position* was 
found to be 5.5 years and the average length of time in 
engineering occupations was found to be 14.5 years. The 
distributions of both of these variables are given in Figures 
6.9 and 6.10. 



Question 8 asked respondents to nominate the field of 
engineering in which they were mainly engaged. Table B-1 in 
Appendix B gives the overall distribution of nominated fields 
and the frequency cross-tabulation of job titles by nominated 
fields of engineering. This table indicates that civil 
engineering was nominated most frequently as the main field of 
respondents, being nominated by 22% of the sample. The next 
most frequently nominated was mechanical engineering (17%) , 
followed by electronic engineering (15%) and electrical 
engineering (13%) . 
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Figure 6.9 Distribution of time in present position 
for the whole sample (n - 1230) 
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Figure S.IO Distribution of time in engineering occupations 
for the whole S£unple (n = 1230) 
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The very low representation of work study/methods enginsering 
was unexpected. Only 2 of the 1230 respondents nominated this 
field as their main field oi engineering activity. However, 153 
of tne 1230 respondents perfomed one or more work study tasks 
(duty 'AS' in the questionnaire), with 114 respondents 
determining workplace layout and 80 respondents performing work 
measurement. It is suspected that many of the 153 respondents 
who performed one or more work study t^isks nominated production 
engineering or mechanical engineering as their main field. 

Question 9 sought inforiaation on the respondents' engineerii.g 
educational attainments. Respondents could indicate more than 
one educational attainment and the last year of study for each. 

A large number of respondents indicated more than one 

engineering educational attainment. Of the 1230 respondents, 55 

gave no response, 500 indicated one educational attainment, 354 

indicated two educational attainments, and 160 indicated three 
or more educational attainments. 

rhe responses to question 9 on engineering educational 
attainments were analysed in three ways based on: 

. the distribution of all engineering educational attainments; 

. the distribution of most recent engineering educational 
attainments; 

• the distribution of highest engineering educational 
attainments. 

Table B-2 in Appendix B gives the distribution of all 
engineering educational attainments of the whole sample. 
Completion of a certificate course at a technical college was 
the most common attainment, with 469 respondents indicating this 
attainment. The second most common attainment was completion of 
a trade technical or technician course at a technical college, 
with 322 respondents indicating this attainment. 

Table B-3 in Appendix B gives the distribution of the most 
recent engineering educational attainments of the whole sample. 
The most common attainment by far is completion of a certificate 
course at a technical college (340 respondents) . When this 
distribution is compared with that given in Table B-2, the most 
notable change is in the number completing a trade technical or 
technician course. It is clear that a large number of 
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respondents had completed a trade course and subsequently 
tmdertaken further studies, as 322 respondents had completed a 
trade course (Table B-2) but of these, only 71 (Table B-3) had 
this as their most rect.it attainment. 

In this study the most pertinent educational variable is that of 
highest engineering educational attainment. Each respondent's 
indicated attainments were recorded on a predetermined 
hierarchical scale of level of education, as given in Table B-4 
in Appendix B. When more than one attainment was indicated, 
only the 'highest' on the scale was recorded. It is important 
to note that for the purpose of this study, engineering 
certificate and associate diploma courses were regarded as 
equivalent in level and thus their frequencies combined. The 
resulting frequencies of highest engineering engineering 
educational attainments are given in Table 6.1. 

Easily the most common highest attainment was a completed 
certificate or associate diploma course, which was indicated by 
44% of the sample. Table 6.1 also confirms, when compared with 
Table B-2, a significant number of respondents upgrading their 
educational qualifications. In particular, a large number of 
respondents (288) had completed a trade course but had started 
or completed a higher course. 

It was also of interest in this study to note the percentage of 
respondents who had completed a certificate course or higher, as 
this is the qualification that is generally regarded as standard 
for the engineering associate level of the workforce (see 
Section 3.3). For each cluster and the whole sample, this 
percentage was computed by adding the percentages of each 
category at or higher than 'completed certificate' in the 
hierarchy in Table B-4. In some cases this could lead to a 
difficulty, as some respondents may only have partly completed a 
degree or diploma, which is arguably not as high as a completed 
certificate or higher. In practice however this was not a large 
problem, because only a small percentage (2%) had no 
qualifications above completed certificate other than a part 
degree or diploma. 

It was found that for the whole sample, 65.6% had a certificate 
or higher attainments (which may be termed associate level 
qualifications) and 34.5% had part certificate or lower 
attainments (which may be termed technician level 
qualifications) . 
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TABLE 6.1 FREQUENCY CROSS -TABULATION OF HIGHEST ENGINEERING 
EDUCATIONAL ATTAINMENT BY TYPE OF COURSE AND TYPE 
OF ATTAINMENT 

TYPE OF ATTAINMENT 



CURREHTLV COMMENCED 
IN BUT NOT 



TYPE OP COURSF 


PROGRESS 


CONTINUED 


COMPLETED TOTAL 


Other course 


1 


1 


34 


36 




(0%) 


(?%) 


(3%) 


(3%) 


Trade technical or technician 


6 


7 


56 


69 






(1*) 


(5%) 


(6%) 


Post-trade course 


7 


11 


36 


54 




(1%) 


(1%) 


(3%) 


(5%) 


Certificate or associate diploma course 179 


67 


517 


763 




(15%) 


(6%) 


(44%) 


(65%) 


Degree or diploma course 


39 


90 


57 


186 




(3%) 


(8%) 


(5%) 


(16%) 


TOTAL: 


233 


189 


748 


1175 




(20%) 


(16%) 


(64%) 


(100%) 


MOTKS 1. All percentages indicate 


the percentage of the 




number of 


non-blank responses. 










2. Of the sample of 1230 


respondents 


there were 


55 blank 


and 1175 


non-blank responses to 


question 9 


on engineering educational 



attainments. 




NOTE: For the sample, there were 9 blank and 1 221 non-blank responses to 
Question 10. 



Figure 6.11 Distribution of the sample of engineering 
technical wor :ers by size of organisation 
(n = 1221) 




Question 10 asked respondents to indicate the size of their 
current organisation in terms of the number of employees. The 
distribution of size of organisation for the whole sample is 
given in Figure 6* 11. This distribution confirms the findings 
of other studies suggesting that the major employment category 
for the engineering technical workforce is the madium to large 
organisations (see Section 3.4) • In this study, 68% of the 
sample were employed in firms having over 100 employees. 

Question 11 asked respondents to indicate in which sector (i.e. 
private, semi-government or public sector) they were employed. 
The distribution of the sample among the three sectors is given 
in Figure 6.12. The distribution indicates that the public 
sector (federal, state and local government) and the 
semi-government sector (e.g. public utility organisations) are 
the major employers of engineering technical workers, accounting 
for 69% of this sample. This study suggests that the private 
sector employs a relatively low percentage of engineering 
technical workers, represented by 31% of the sample, and this 
result is similar to that obtained in a previous study in 
Western Australia (see Cochrane, 1977, and Section 3.4). 

Question 12 sought information on the location of the 
respondent's current place of work. The distribution of the 
sample among the eight states and Territories and the four types 
of area (ranging from capital city to country) are given in 
Figure 6.13. 
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NOTE: For the sample, there were 18 blank and 1 212 non-blank responses to 
Question 11. 



Figure 6*12 Distribution of the sample of engineering 
technical workers by sector (n = 1221) 
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Figure 6.13 Distribution of the sample of engineering 
technical workers euaong the states and 
Territories and type of area 

The distribution of the sample among the states and Territories 
differs a little from the estimate of the technical workforce 
population distribution given in Table A-1 (Appendix A) . The 
sample percentages of the large states, New south Wales and 
Victoria, are lower than the population percentages, reflecting 
a lower response rate in these two States. Percentages for 
Queensland, south Australia and Tasmania are higher th?n the 
population ptircentages of Table A-1, reflecting a higher 
response rate in these states. Western Australia, the Northern 
Territory and the Australian Capital Territory are about the 
same as the population estimates, the differences being not 
statistically significant. 

The distribution of the sample among the four types of area 
reflects general population characteristics. As expected, the 
capital cities of Australia provide the main employment 
locations for the engineering technical workforce, with 74% of 
the sample indi'^ating a capital city location. 

Question 13 was the final question in Section A of the 
questionnaire, and this sought information on the main type of 
activity of the respondent's employing organisation. The 
industry categories r-:5ed in the questionnaire correspond with 
those used in the Australian Census. 

Table B-5 in Appendix B gives the distribution of the sample 
cross tabula ted by industry activity and the respondent's field 
of engineering. Over the whole sample, the two industry 
categories nominated the most were 'D. Electricity gas and 
water' and ' E. Construction', but the distribution varies 
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considerably among the various fields of engineering* It is 
interesting to note the difference in the distributions of those 
in electronic engineering compared with those in electrical 
engineering. The electronic engineering respondents are 

concentrated in 'communication' and 'defence' (30% and 20% of 
electronic engineerirg respondents respectively) while the 
electrical engineering respondents and concentrated in 
'electricity, gas and water' (41% of electrical engineering 
respondents) . 



6.3 JOB FUNCTIONS OF THE WHOLE SAMPLE 

In this section an overview of the range of job functions and 
their relative contribution for the whole sample is presented. 

The sample of 1230 respondents represents a very broad 
occupational group-the engineering technical workforce. For 
curriculum development purposes, narrower occupational groups 
are of more interest, though some general characteristics of the 
engineering technical workforce may provide important insights. 
Later sections of this chapter deal with job functions in much 
greater detail, when the narrower occupational groups are 
discussed. 

Section B of the survey booklet consisted of an inventory of 623 
tasks. These tasks were chosen to represent the full range of 
tasks undertaken by the engineering technical workforce, but 
respondents were invited to write in additional tasks not 
included in the inventory. As explained in Chapter 4, 
respondents were asked to rate the contribution of each task to 
thair job. 

The 621 tasks were grouped into 61 duties. These 61 duties were 
further grouped into four broad job function areas as follows: 

general (18 duties, 167 tasks) ; 
. mechanical/manufacturing (15 duties, 149 tasks) ; 
. electrical/electronic (15 duties, 199 tasks) ; 

civil engineering/surveying (13 duties, 106 tasks). 

This grouping into four areas was not shown on the survey 
booklet. Classification of the duties into the four areas was 
undertaken a priori to assist in the analysis and interpretation 
of job functions. 

The four areas and 61 duties are listed in Table 6.2, and the 
621 tasks are listed in Appendix C. 
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Figure 6.14 shows the relative contribution of each of the four 
job function areas to the work of the engineering technical 
workforce sample. The distribution confirms the relatively high 
contribution of general job functions (such as communication, 
drawing, administration and supervision) over more specialised 
engineering job functions. 

There are two main reasons for the high contribution of general 
job functions. Firstly, this area is significant in all of the 
major clusters (see Section 6.5). Secondly, many duties in this 
area are common acro5=is a large number of clusters (see Section 
7.2) 



Percentage 
contribution 
to job 




LU < 
52 



Figure 6.14 Relative contribution of each of the four broad 
job junction areas to the work of the whole 
scimple 

Table 6.2 gives the duty profile of the whole sample, showing 
the percentage of the sample performing each duty and the 
relative contribution of each of the 61 duties. In calculating 
the percentage of the sample performing, each duty, a respondent 
was counted as performing the duty if the respondent indicated 
that he/she performed one or more tasks within that duty. The 
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TABLE 6.2 DUTY PROFILE OF THE WHOLE SAMPLE (n = 1230) 



AREA 


DUTY 


PERCENTAGE OF 
SAMPLE PERFORMING DUTY 


TO JOB 
OVER WHOLE SAMPLE 


GENERAL 


: = 

A, Project planning and inanagenient 




53 




2 . 6 


B. General adininistrat ion 


83 


7.6 


C. Written coininunication 






D • Oral comni u nication 


96 


9.2 




57 


2 . 9 


& . K XJ L \^ k 9 O S X 1 


57 


2.4 


G. Staff d6*elopinent 


53 


2 . 4 


H f QiinpruiQirin 


73 


3.3 


Oii^ 1 it'V ^^^iir^ npp /oii^l i tv pnnfrnl 


25 


1 . 1 




37 


2 . 2 


M. M^int'Pn^npp 


44 


3 . 5 


N f p t V 


35 


1 . 0 


P. Site inspection and investigation 


50 


2 . 4 


0. T)?i nnllpnfinn ;*nH ei rkei 1 v ^ i *• 

X* L^a \. a \^KJXXC\^\.iKJti aiiu aiiaxj^^A*. 


46 


2.1 


R. n^p of n 1 m 1 1 ^ r»r Q ;4nH f^nmnii f pr ^ 


92 


6.1 


W EnQ 1 nppr i na Hr;)i.finO ;*nH Qr^iDhiP^ 

■V. ^ii^AiiwwL Aii^ ULaWAii^ OIIU ^ a ^ 1 1 A o 


72 


4 . 5 


X. Design drafting 


48 


2.7 


BN. Still and inovie photography 


36 


.5 


MECHANICAL/MANUFACTURING 


L. Materials testing 


17 


. 6 


AE. Earth moving and mining 


8 


.2 


AF. Motor ised transport systems 


9 


.4 


AG. Process plant engineering 


11 


.4 


AH. Metal fabrication^ turning and casting 


15 


.8 


AJ. Wood f paper, plastics and packaging 


5 


.1 


AK. Building services 


21 


.7 


AT. AHv/ i ^nrv ark<^ ^dpp i ^ 1 i ^t" qptu i nPQ 


28 


.9 


AM. Oor\ C r 1 if^ t" 1 




1.0 


r%n 9 O 1 U U trUIIIlU J, jr cinO C L Ull U III 1 U S 


4 


, 1 


t\Xr * 1 vJvJ J, X 11^ a no *^ 1 i^llltr 11 L 


20 


1 . 2 


AV* riaLe rials nanoiing 


10 


. 2 


r\ A • L UCi LIU L 1 Un trliH^I<""L 1 Iltj 


7 


.2 


Wnrk cfii/^v 


12 


. 3 


AT PliiiH nriuP r 


11 


, 4 


U 

M 

z 

o 

u 


^ r*omo 1 1 P r A Hioit"^! f^or\trf^1 Prt 1 1 i r*i 


1 8 


. 7 


T. Computing systems 


15 


,4 


U. Digital and computing hardware 


20 


2.1 


V, Computing software 


8 


. 3 


AA. Electronic fabrication 


18 


. 8 


AB. Power generation^ energy transfer 


20 


.9 


AC. Electrical power generation, transrriiss 


16 


1. 3 


AD. Automatic control system 


19 


1.2 


AU. Electrical instruments and sensors 


26 


1.3 


ELECTRIC 


AV- Pnwp r plpntmnin Hpuipp^ 


19 


. 8 


Aw. Electrical protection devices 


20 


1 . 1 


AX. Power transformers, circuit breakers 


12 


. 6 


AY, Electrical drives 


13 


. 5 


AZ . FlpptroniP primmim i p a i on 

rttj • l^AC^L \^ L \Jl 1 A \^ i.UilllilUlllUaUlUII 


1 


« 0 J 


B A . Othpr plppt'rnnip Hpuippq 


13 


. 8 


CIVIL ENGINEERING/ 
SURVEYING 


Y. Fnoinpprino ^urupv Hr;*ffina 

A . ^1 1^ AIIWWL All^ OUL V ^ J \J L O k ^ X 1 1^ 


33 


2 . 2 


Z . Cad a stral sur vey draft ing 


10 


, 4 


BB . Eng ineering su r vey i ng 


13 


2 . 6 


BC. Cadastral sur ve>'ing 


12 


73 ' 


BD. Hydrographic surveying and drawing 




. 1 


BE, Survey computations 


33 


2.1 


BF. Civil design and computations 


28 


1 . 5 


BG , Structural dp^ian a nH pnmniif;4f innc 

^^LUW^\JLU^ ucwA^ll allU U^ni^UwaUlUIIO 


18 


.S 


BH, Hydrology and hydraulics 


18 


. 8 


BJ, Town planning 


7 


. '/ 


BK, Cartography 


15 


.6 


BL. Air photo and map interpretation 


20 


2 .u 


BM. Survey invest i gat ion and searching 


14 


.5 


TOTAL PFRCENTAGE CONTRIBUTION 


100.0 
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percentage contribution of each duty was calculated by summing 
the average percentage contributions of each task within the 
duty. The average percentage contributions of all tasks over 
the whole sample are given in Appendix c. 

The top five duties, in terms of the percentage contributon of 
each, duty were: 

written communication (9.4%); 
oral communication (9.2%); 
. general administration (7.6%); 

the use cf calculators and computers (6.1%); 
engineering drawing and graphics (4.5%). 

For the whole sample the top duty was written communication 
and it was performed by 1139 respondents (93%) . For those who 
performed this duty, the average percentage^ contribution of the 
duty to their job was 10.1%. Over the whole sample, the average 
percentage contribution of this duty was 9.4%. 

For the whole sample, the bottom duty in terms of overall 
contribution was biotechnology and ergonomics, and it was 
performed by 44 respondents (4%) . For those who performed this 
duty, the average percentage contribution of the duty to their 
job was 2.6%. Over the whole sample, the average perc^^ntage 
contribution of this duty was 0.09%. 

Appendix C gives the task level job description of the whole 
sample. An explanation of the meaning of values in each colunm 
is given in Section 3.5. The two values of most interest here 
are: 



column 1, giving the percentage of the sample that perform 
each task; 



column 3, giving the percentage contribution to job over 
the whole sample (over the whole task inventory, 
column 3 sums to 100%). 

Appendix C contains the following results worthy of particular 
note: 



The average number of tasks performed by respondents in the 
sample was 79 tasks from the inventory of 621 tasks. 

The task making the highest percentage contribution over 
the whole sample was ^D3. Exchange information with other 
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people within your organisation.' (89% of respondents 
indicated that they perform this task, and its contribution 
over the whole sample was 2.1%); 

Only two of the 621 tasks were not performed by any of he 
respondents, and this provides support for the face 
validity of the task inventory. 

20% of respondents wrote in one or more additional tasks 
when given the opportunity at the end of the task 
inventory. Over the sample of 1230 respondents, 982 (80%) 
wrote in no extra tasks, 109 (9%) wrote in one extra task, 
60 (5%) wrote in two extra tasks, 36 (3%) wrote in three 
extra tasks, and 43 (3%) wrote in four or more extra 
tasks. For those who wrote in one or more extra tasks, the 
average contribution to their job of these tasks was 6.2%. 
For 13 respondents, the contribution of these write-in 
tasks was over 20%. It is interesting to note that of 
these 13, all except two were members ot' outlying clusters, 
that is, clusters outside the four major clusters. However 
the contribution of the write-in tasks over the whole 
sample was low, being 1.2% in total. These statistics tend 
to provide support for the validity of the task inventory 
developed for this survey, indicating that the task 
inventory quite adequately covered the work of the 
engineering technical workforce. 



6.4 BACKGROUND INFORMATION ON THE MAJOR CLJSTERS 

information on the impor^•.ant background variables for each of 
the four major clusters is given in Table 6.3. On all of the 
background variables shown in this table, variation among the 
major clusters is statistically significant (at the .05 level of 
significance or better) . Some of the interesting results are: 

. Engineering systems and administration is composed of 
members having the highest average age (37 years) and 
highest average salary ($25,100 in 1985). 

. Drafting and design has the highest percentage of females 
(4.9%) whereas electrical and electronic engineering has 
the lowest percentage of females (0.5%). 

. Civil engineering and surveying has the highest overall 
level of education (81% having completed an engineering 
certificjate or higher) while electrical and electronic 
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TABLE 6.3 BACKGROUND INFORMATION AND JOB FUNCTIONS OF THE 
FOUR MAJOR CLUSTERS 



CLUSTER NO. 


74 


82 


68 


34 


TITLE OF CLUSTER 


Engineering 
•ystens and 
admi.ni strati on 


Civil engineering 
and 
survoi mg 


Drafting 
and 
design 


Electrical and 
electronic 
engineering 


Number of respondents 


4 38 

37 




123 


188 


Average age (years) 
Feirale percentage 


33 
4.2% 


29 
4.9% 


30 
0. 5% 


Average salary 
($ , 1985) 


$25.^00 


522,700 


$20,000 


$22,300 


Job title 
(modes over 10%) 


technical off. 34% 
supervisor 18% 
other 14* 
design draftsm. 10% 


design draftsm. 24% 
technical off. 21% 
eng. assi s. 18% 


design draftsm. 43% 
detail dra f tsm. 2 3% 
technical off. 10% 


technical off. 41% 
technician 23% 
tradesm. 10% 


Field of engineering 
(modes over 10%) 


mechanical 27% 
electrical 22% 
other 12% 
civil eng. 10% 


civil eng. 62% 
surveying 20% 


mechanical 40% 
structural 21% 
electrical 11% 


electronic 64% 
electrical 17% 


Educetion * 


68? 


81% 


70% 


50% 


Private sector 
percentage 


29% 


20% 


56% 


32% 


State 

(modes over 10%) 


NSW 29* 
SA 19% 
VIC 18% 
OLD 16% 


NSW 27% 
OLD 26% 
VIC 21% 


VIC 34% 
NSW 29% 
SA 14% 
OLD i 3% 


NSW 24% 
VIC 23% 
SA 19% 
OLD n% 

ACT 11% 


Industry categories 
(modes over 10%) 


elect , gas, water 16% 
constri^ction 18% 
non-class, 13% 


construction 31% 
publ . admm. 11% 
gen. consult . 16% 
non-class. 21% 


manufact. 23% 
elect , gas ,uater 18% 
construction 11% 
gen . consul t . 16% 


elect, gas, water 23% 
wholesale, retail 11% 
communica t j-on 16% 
defence 16% 
non-class. 13% 


Average ni^rJaer 

of tdS}^S 


94 


<*4 


41 


90 


Level index * 


65 


C4 


57 


60 


Administration duty 
- % contribution 


10. 3 


6,'' 


8.2 


4.4 


Supervision duty 

( tasks - 1 contrib. 


11.7 


8.1 


5.8 


5.4 


Top ten duties 


written com.T.un, 
oral commun. 
general admm. 
finance f* estimiiting 
calc, & computers 
pro 3. pi an ring, ma ngt , 
staff supervision 
purchasing 
staff deve lopment 
enc. drawiri? , graphic s 


written con-jrjn. 
eng , surveying 
calc . L computers 
survey computations 
oral comriun. 
general admin, 
eng. survey drafting 
eng. drawing , graphics 
site inspect. /invest, 
civil design /Comput. 


eng. drawing & graphic 
written cormun. 
oral ccmmun. 
design drafting 
general admin, 
calc . f, computer s 
staff supervifiion 
eng. survey drafting 
struct . design, comput . 
metal fab. turn. ,cast. 


digital & comput.h/wre 
maintenance 
oral commun . 
written commun. 
calc . & computers 
quality testing & meas. 
general adrr»in. 
elec.instr. & sensors 
power electronic devices 
other electronic devices 



* NOTE. 1, Education indiCr ces tht percentage of members of the cluster who have completed a certificate course 
in engineering or higher. 

2. Level index indicates the average level of taslcs peformed by members of the cluster. The minimum 0 
indicates all casks are performed by lower middle level technical workers or tradespeople. The 
maximum of 100 indicates that all tasks are performed by upper middle level technical workers or 
professional engineers. The actual range for all clusters is 47 to 72. 
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engineering has the lowest overall level of education (50% 

having completed an engineering certificate or higlxer) • The 

full distribution of highest educational qualifications for each 

of the four major clusters is given in Table C-6 in Appendix C. 

6.5 JOB FUNCTIONS OF THE MAJOR CLUSTERS 

There are large differences in the job junctions of the four 
major clusters, and this is apparent even at the broad area 
level. Figure 6.15 shows the relative contribution of each of 
the four main areas to the work of each of the major clusters. 

The most notable feature is the high contribution of duties in 
the general area for all four major clusters. The general area 
contributes 50% or more for each major cluster. For the 
drafting and design cluster, it is useful to separate the two 
drafting and design duties (duty W. and duty X.) from the 
general area because in this case they are more appropriately 
described as specialist duties. Together, these two duties 
contribute 28% to the work of the drafting and design cluster, 
leaving a contribution of 50% in the general area. Thus, a 
useful approximation is that duties in the general area (such as 
communication, a^^'inistration and supervision) contribute to 
about half of t. 3 work of the major clusters except engineering 
systems and administration, which has a contribution of over 
three-quarters (77%) in the general area. The remaining 
proportions are filled by specialised engineering duties. 

Figure 6.16 gives the job descriptions at duty level of each 
major cluster, and Talkie 6.3 gives the top ten duties for each 
major cluster. 

As expected, duties in the general area usually provide moderate 
or higher contributions to the work of at least two (but usually 
three or four) of the four major clusters. In addition, four 
duties appear in the top ten of all major clusters, as follows: 

B. general administration 

C written communication 

D. oral communication 

R. use of calculators and computers. 

The subject of common duties is discussed further in Section 
7.1. 
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Contribution 
to job 




% 

Contribution 
to job 



ENGINEERING SYSTEMS AND 
ADMINISTRATION CLUSTER 



57% 




CIVIL ENGINEERING AND 
SURVEYING CLUSTER 



% 

Contribution 
to job 



o/o 

Contribution 
to job 




DRAFTING AND DESIGN CLUSTER 
Key: 

!m» duties in the general area 




ELECTRICAL AND ELECTRONIC 
ENGINEERING CLUSTER 



^Sduties in the mechanical /manufacturing area 



Figure 6.15 



^duties in the electrical /electronic area 
■iduties in the civil engineering/surveying area 

Job descriptions at area level for the four major 
clusters 
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AREA 



DUTY 



A. Project planning and management 



B. General administration 



C. Written communication 



D. Oral communication 



E. Finance and estimating 



F, Purchasing 



G. Staff development 



H. Staff supervision 



J. Quality assurance/guality control 



K. Quality testing and measuring 



M. Maintenance 




N. Safety 



P. Site inspection and investigation 



Q. Data collection and analysis 



R> Use of calculators and computers 



W. Engineering drawing and graphics 



X. Design drafting 



BN. Still and movie photography 



L. Materials testing 



AE. Earth moving and mining 



AF, Motor ised transport systems 



AG. Process plant engineering 



AH. Metal fabrication, turning and casting 



AJ. Wood# paper r plastics and packaging 



AK. Building services 



AL. Advisory and specialist services 



AM. Construction 



AN. Biotechnology and ergonomics 



AP. Tooling and eguipment 



AQ. Materials handling 



z 
o 

06 

u 

< 
o 

M 

06 

U 
U 
•J 

u 



AR. Production engineering 



AS. Work study 



AT. Fluid power 



S. Computer and digital control equip. 



T. Computing systems 



_U. Digital and computing hardware 



V. Computing software 



AA. Electronic fabrication 



AB. Power generation, energy transfer 



AC. Electrical power generation, transmis 

AD. Automatic control system 



AU. Electrical instruments and sensors 



AV. Power electronic devices 



AW. Electrical protection devices 



AX. Power transformers, circuit breakers 
AY. Electrical drivers 



AZ. Electronic communication 



BA. Other electronic devices 



Y. Engineering survey drafting 



Z. Cadastral survey drafting 



z 

H 

06 O 
U Z 

u: M 
z >i 

H U 

o > 

Z 06 

w 

H 
> 
H 
O 



BB. Engineering surveying 



BC. Cadastral surveying 



BD. Hydrographic surveying and drawing 



BE. Survey computations 



BF. Civil design and computations 



BG. Structural design and computations 



BH. Hydrology and hydraulics 



BJ. Town planning 



BK. Cartography 



BL. Air photo and map interpretation 



BM. 



Survey investigation and searching 



•NOTE; Cluster 74 = Engineering systems and administration 

Cluster 82 = Civil engineering and surveying 

Cluster 68 = Drafting and design 

Cluster 34 = Electrical and electronic engineering 



Figure 6.16 
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Appendix D gives the job descriptions at duty level of each 
major cluster. To save space, only the first two pages, giving 
the top 60 tasks in terms of percentage contribution to job, are 
given for each cluster. The headings for columns l, 2 and 3 
give the cluster number. Section 3.5 in Chapter 5 provides an 
explanation of the values in each column. 

For the major cluster engineering systems and administration, 
the top task in terms of overall percentage contribution to job 
was: 

'D3. Exchange information with other people within your 
organisation. • 

It was performed by 98% of the cluster and contributed 1.9% to 
the work of the cluster overall. 

Scanning the first words (all of which are verbs) of each task 
in the top 60 provides an overview of the type of work involved. 
The following verbs occur repeatedly: 

exchange ; 
read ; 
write ; 
prepare; 
supervise. 

For the major cluster civil engineering and surveying, the top 
task was: 

•Rl. Use calculators. • 

It was performed by 97% of the cluster and contributed 1.9% to 
the 'fork of the cluster overall. 

For this cluster the following verbs appear repeatedly in the 
top 60 tasks: 

calculate 

perform 

produce 

prepare 

inspect. 

For the major cluster drafting and design, the top task was: 
W4. Produce drawings using conventional equipment. 
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It was performed by 93% of the cluster and contributed 4.8% to 
the work of the cluster overall. 

For this cluster the following verbs appear repeatedly in the 
top 60 tasks: 

prepare 
produce 
draw 
design* 

For the major cluster electrical and electronic engineering, the 
top task was: 

D3. Exchange information with other people within your 
organisation. 

It was performed by 92% of the cluster and contributed 1*7% to 
the work of the cluster overall* 

For this cluster the following verbs appear repeatedly in the 
top 60 tasks: 

. monitor 
test 
repair 
diagnose 
fault-find. 



6.6 CLUSTERS WITHIN ENGINEERING SYSTEMS AND ADMINISTRATION 

There were 44 primary and 21 intermediate clusters found within 
engineering systems and administration. Figure 6.2 shows the 
titles of these clusters and the linkages between the primary 
and intermediate clusters. 

As mentioned in Section 6.1, it appears that the engineering 
systems and administration clusters were grouped in this one 
major cluster because of their emphasis on general tasks and 
duties such as written and oral communication/ administration, 
and supervision. Specialised engineering tasks and duties such 
as civil engineering and electronic engineering were still 
performed, but they tended to provide relatively low 
contributions to the work of each cluster in this major group. 
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Space does not permit an examination of all the background 
variables for the intermediate and primary clusters, so only the 
following key background variables are examined: 

average age; 
• percentage of females; 
average salary ($, 1985) ; 

number of States or Territories represented in the cluster; 
percentage of cluster having completed an engineering 
certificate qualification or higher. 

The values of these variables for each intermediate and primary 
cluster within engineering systems and administration are given 
in Table 6.4. This table also includes job task information in 
the last five columns. The average figures shown in this table 
and subsequent trbles provide only an approximate indication of 
population characteristics, due to sampling error. Caution 
should be exercised in interpretation, particularly with primary 
cluster values, as most primary clusters comprise very small 
numbers of respondents. 

The location of each cluster in Table 6.4 may be related to the 
cluster diagram in Figure 6.2 as follows: 

Start at the top left of the cluster diagram 
(cluster 230) and then move horizontally to the 
right. Then move down one row and then move 
again to the right, as though reading a book. 

Thus in Table 6.4 and subsequent tables intermediate clusters 
appear first, followed by the primary clusters. 

The cluster titles were selected after examining the top 60 
tasks in the job description ^given in Appendix E) and the key 
background variables. The titles selected are descriptive and 
have no industrial or legal status. They are meant to be 
descriptive of the types of tasks undertaken. Some general 
terms and their use in these titles are: 

supervisors - indicates that supervision tasks contribute 
a large part; 

senior - indicates that supervision tasks contribute 

a moderate part; 
officers - indicates primarily engineering associate 

level ; 

technicians - indicates primarily engineering technician 
level . 
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TABLE 6.4 SOME BACKGROUND INFORMATION ON CLUSTERS WITHIN 
ENGINEERING SYSTEMS AND ADMINISTRATION 





CLUSTER 
NUMBER 


TITLE 
OF 

CLUSTER 


NUMBER OF RESPONDENTS 


AVERAGE AGE 


PERCENT FEMALE 


AVERAGE SALARY 


NUMBER OF STATES* 


EDUCATION* - % certific 


TASK LEVEL INDEX* 


AVERAGE NO. OF TASKS 


CLUSTER LEVEL* 


AREA OF SPECIALISATION* 


JOB PROFILE PAGE NO. 




230 


ENGINEERING OFFICE ADMINISTRATION 


108 


34 


3. 


7 


23, 300 


8 




72 


65 


75 


A 


M 








AND DRAFTING 






























212 


ENGINEERING SUPERVISION 


124 


41 


0. 


0 


27 , 400 


8 




62 


68 


94 


A 


ME 






173 


PRODUCTION CONTROL 


68 


33 


0. 


0 


25, 500 


7 




70 


65 


181 


A 


HE 






137 


ELECTRICAL PLANKING & DESIGNING 


37 


36 


0. 


0 


23 , 700 


7 




70 


66 


84 


A 


E 






269 


ESTIMATION & QUALITY CONTROL 


57 


34 


3. 


6 


22 , 700 


8 




66 


64 


63 


A 


M 






25^ 


ENGINEERING DESIGN DRAFTING 


51 


34 


3. 


9 


24 , 100 


8 




80 


65 


87 


A 


M 






419 


SENIOR ENGINEERING SUPERVISION 


66 


42 


0. 


0 


28 , 500 


8 




72 


69 


96 


A 


M 






146 


MATERIALS TESTING 


52 


j4 


3 . 


9 


22,600 


7 




1\J 




1 D 


A 


M 






185 


CONTROL SYSTEMS 


35 


34 


0 . 


0 


25 , 400 


6 




74 


65 


158 


A 


ME 






87 


OTHER ENGINEERING ADMINISTRATORS 


32 


37 


3 . 


2 


24 , 600 


6 


N 


63 


63 


4 1 


A 


M 






414 


ESTIMATORS 


25 


34 


4 . 


0 


22 , 700 


7 




58 


64 


61 


A 


G 






311 


QUALITY CONTROLLERS 


16 


32 


0 . 


0 


24 , 400 


6 




81 


65 


75 


A 


M 






393 


DESIGN DRAFTERS 


29 


32 


3. 


5 


23 , 300 


5 




76 


64 


9 2 


A 


M 






453 


ENG. SAFETY & MAINT. SUPERVISORS 


56 


40 


0 . 


0 


28 , 200 


8 




7 3 


68 


101 


A 


M 






422 


MICROELECTRONIC ENGINEERING 


22 


41 


0 . 


0 


26,700 


5 




55 


68 


TOT 
121 


A 


E 








SUPERVISORS 






























347 


OTHER ENGINEERING SUPERVISORS 


21 


40 


0 . 


0 


25 , 500 


7 




29 


66 


75 


B 


M 






172 


INSPECTORS 


19 


34 


10 . 


5 


22,900 


4 




78 


64 


70 


A 


M 






254 


ELECTRICAL SUPPLY CONTROLLERS 


33 


33 


0 . 


0 


25,700 


7 


N 


DO 


64 


20 S 


A 


ME 






571 


ENGINEERING ESTIMATORS 


10 


J3 


1 A 
i 0 . 


0 


22 , 600 


5 




4 4 


D J 


c ; 


B 


E 






502 


MECHANICAL & OTHER DESIGN 


20 


32 


5, 


0 




5 




75 


64 


Q A 


A 


M 








DRAFTERS 






























516 


OTHER DESIGN DRAFTERS 


13 


32 


7. 


7 


22 , 500 


5 




11 


62 


83 


A 


M 






435 


Electrical Designers 


14 


40 


0 . 


0 


24 , 800 


o 




79 


67 


108 


A 


E 


1 Q A 

lyu 




565 


Electrical Contracts Supervisors 


5 


A O 

4 z 


U . 


U 


^4 , lUU 


■5 
J 




D U 


C Q 

by 


O J 


A 


E 


1 Q 1 
1? 1 




309 


Electrical Equipment Drafters 


6 


29 


0 . 


0 


24 , 000 


3 




67 


62 


7 5 


A 


E 


192 




240 


Planners of new electricity 


9 


31 


0 


0 


22, 200 


5 




67 


66 


62 


A 


EC 


193 






supply 






























521 


Building Services Estimators 


5 


23 


20 


0 


14 , 500 


4 




8G 


63 


66 


A 


G 


194 




574 


Construction Contract Estimators 


13 


35 


0 . 


0 


22 , oOO 


6 




69 


66 


68 


A 


G 


195 




671 


Electrical Engineering Estimators 


5 


30 


0 


0 


21 , 100 


3 




20 


65 


60 


B 


EC 


196 




640 


Civil Engineering Estimators 


5 


37 


20 . 


0 


24 , 100 


4 




75 


62 


53 


A 


G 


197 




449 


Construction Site Supervisors 


6 


54 


0. 


0 


24 , 000 


3 


T 


50 


65 


4 1 


A 


G 


198 




444 


Quality Control Specialists 


5 


36 


0 . 


0 


24 , 100 


4 




80 


66 


6 7 


A 


G 


199 




457 


Quality & Equipment Monitors 


7 


30 


0 


0 


24 , 800 


4 


N 


71 


64 


8 3 


A 


M 


200 




305 


Building Services Designers 


17 


36 


5 


9 


24 , 600 


7 




80 


66 


76 


A 


ME 


201 




448 


Construction Design Drafters 


9 


33 


0 


0 


23 , 800 


4 


N 


78 


64 


94 


A 


M 


202 




664 


Mechanical Design Drafters 


7 


32 


0 


0 


23,900 


4 




71 


66 


104 


A 


MC 


O A 0 




616 


Design Drafters 


8 


31 


12 


5 


22 , 400 


5 




88 


63 


75 


A 


M 


204 






(non -computer ised) 






























6S7 


Design Drafters (computerised) 


5 


33 


C 


0 


22 , 800 


4 




60 


61 


95 


A 


MC 


205 




2.99 


Senior Hydrology Technical 


5 


39 


0 


0 


27 , 100 


3 




100 


69 


102 


A 


MEC 


206 






Officers 






























469 


Civil/Structural i-.ig . Supervisors 


10 


49 


0 


0 


30 , 700 


5 




70 


7 2 


69 


A 


C 


207 




713 


Transport & Civil Engineering 


14 


40 


0 


0 


27 , 800 


6 




50 


68 


135 


A 


M 


208 






Supe rv i sor s 






























769 


r^Ano r 1 Fno inppr inc Siioe r u i r <5 


17 


41 


0 


0 


29 , 700 


6 




80 


69 


87 


A 


G 


209 




652 


Engineering Survey/Mapping 


5 


42 


0 


0 


31, 300 


5 




100 


70 


82 


A 


C 


210 




































609 


Electronic Engineering 


9 


44 


0 


0 


28,400 


5 




71 


69 


79 


A 


ME 


211 






Supervisors 






























596 


Quality Supervisors 


7 


38 


0 


.0 


23,000 


4 




83 


66 


94 


A 


M 


212 




792 


Microelectronic Technician 


9 


43 


0 


0 


27,800 


3 




22 


68 


119 


B 


E 


213 






Supervisors 






























840 


Computer Technician Supervisors 


5 


40 


0 


0 


24,100 


3 


S 


60 


67 


147 


A 


E 


214 




357 


Trade Supervisors 


16 


37 


0 


0 


24,400 


5 




25 


65 


66 


B 


G 


21S 




461 


Senior Safety Officers 


5 


47 


0 


.0 


28.900 


4 




40 


68 


103 


B 


M 


216 




402 


Survey Engineering Supervisors 


5 


43 


0 


0 


25,300 


3 


N 


100 


69 


77 


A 


C 


217 




277 


Senior Production & Engineering 
































Quality Controllers 


6 


39 


0 


0 


26,500 


5 




50 


69 


53 


A 


MC 


218 




632 


Materials Test Tech./Of f icers 


6 


30 


0 


0 


19,000 


4 




60 


56 


78 


A 


M 


219 




703 


Materials Test Officers 


8 


33 


0 


.0 


25,000 


4 




83 


63 


93 


A 


M 


220 




349 


General Test Tech./Of fleers 


6 


30 


0 


0 


19,500 


4 




60 


57 


57 


A 


ME 


221 




182 


Site Inspectors/Testers 


7 


28 


14 


3 


21,800 


4 




100 


64 


62 


A 


C 


222 




232 


Inspectors/Recorders 


12 


37 


8 


3 


23,500 


3 


N 


67 


63 


75 


A 


M 


223 




135 


Cartographic Survey Supervisors* 


12 


41 


0 


0 


28,500 


5 




67 


67 


53 


A 


MC 


224 




526 


Senior Electric Supply Controllers 


14 


36 


0 


0 


27,400 


5 




58 


64 


205 


A 


ME 


22S 


FRl 


\r 




106 
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CLUSTER 
NUMBER 


TITLE 
OF 

CLUSTER 


NUMBER OF RESPONDENTS 


AVERAGE AGE 


. 

PERCENT FEMALE 


AVERAGE SALARY 


NUMBER OF STATES* 


EDUCATION* - % certific 


TASK LEVEL INDEX* 


AVERAGE NO. OF TASKS 


f 

u 

*^ 

cc 
u 


AREA OF SPECIALISATION* 


JOB PROFILE PAGE NO. 


548 


Electric Supply Controllers 


10 


29 


0.0 


24,100 


3 


N 


90 


63 


255 


A 


ME 


226 


576 


Electromechanical Engineering 
















493 


Officers 


10 


35 


0.0 


25,600 


4 


Q 


67 


66 


222 


A 


ME 


227 


Mechanical Engineering Officers 


9 


36 


0.0 


24,500 


4 


V 


56 


65 


131 


A 


M 


228 


234 


Electromechanical Control 




















267 


System Designers 


9 


32 


0.0 


26,500 


4 


N 


100 


66 


127 


A 


ME 


229 


Equipment Evaluation Officers 


10 


36 


0.0 


24,100 


3 


N 


70 


62 


34 


A 


G 


230 


259 


Production Engineering Officers 


7 


31 


14.3 


22,200 


3 


N 


67 


61 


58 


A 


VIE, 


231 


190 


Work Study Officers* 


5 


38 


0.0 


24,700 


2 


N 


60 


64 


49 


A 


M 


232 


238 


Aeronautical Engineering 




















Technicians 


8 


42 


0.0 


28,000 


3 


N 


50 


64 


31 


T 


M 


233 



♦NOTES 

^* 9^"^^^^ — titles in capital letters indicate intermediate clusters, whereas cluster titles 
in lower-case letters indicate primary clusters. Cluster titles with an asterisk 
indicate the primary clusters that are regarded as marginal, having within group overlap 
indices of between 40% and 45%, or between groups overlap indices of between 25% and 
30%. 

2. St;?tg§ - Indicates the number of States or Territories represented in the cluster. Also 
indicated is the State or Territory representing over 40% of the members of intermediate 
clusters and over 50% of the members of primary clusters, where N = NSW, V VIC, 
Q = Qld, S « SA, W * WA, T = TAB, A= ACT. 

3. Educat ion indicates the percentage of members of the cluster who have completed a 
certificate course in engineering or higher qualification. 

4* .Task — level index indicates the average level of tasks performed by members of the 

cluster. The minimum 0 indicates all tasks are performed by technician level workers or 
tradespersons. The maximum of 100 indicates that all tasks are performed by associate 
level workers or professional engineers. The actual range for ai? clusters is 47 to 72. 

5. Level indicates the likely average level of the cluster, based on the variables of 
highest education, task level index, and number of tasks performed. A = associate 
level, T = technician level, B = blurred (probable mixture of both levels). 

ALea of specialisation indicates the main area(s) of specialisation of the cluster, 

where m * over 6% contribution from mechanical/manufacturing area, E = over 6% 
contribution from electrical/electronic area, C = over 6% contribution from civil 
engineering/surveying area, and G = general area, with less than 6% contribution in each 
of the other three areas. 

£afle number of 30b description indicates the page number in Appendix E of the task level 

job description (top 60 tasks only) of each cluster. 
8. Average figures provide only an approximate indication of population characteristics, 
due to sampling error. Caution should be exercised in interpretation, particularly with 
prim,ary cluster values, as most primary clusters comprise very small numbers of 
respondents. 
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AREA 



P. 


Site inspection and 


1 nvest iga t ion 


Q- 


Data collection and 


analysis 


R. 


Use of calculators 


and computers 


W. 


Engineer ing drawing 


a.id graphics 


X. 


Design drafting 





DUTY 



PERCENT CONTKIbUTiON TO JOB 



CLUSTER 



_A» Proiect planning and management 



B. General administration 



C» Written communication 



D. Oral communication 



E» Finance and estimating 



F, Purchasing 



G, Staff development 



H. Staff supervision 



J, Quality assurance/quality control 



Qual i ty testing and measur i ng 



M. Maintenance 



N, Safety 




ziii 



BN. 



AE, 



Still and movie photography 
Materials testing 



AF, 



Earth moving and mining 

Motorised transport systems 



AG« Process plant engineering 



AH« Metal fabrication, turning and casting 



AJ« Wood, paper, plastics and packaging 



AK« Building services 



AL« Advisory and specialist services 



AM* Construct ion 




AN« Biotechnology and ergonomirs 



AP« Tooling and equipment 



AQ, Materials handling 



AR« Production engineering 



AS, 



AT, 



Work study 

Fluid power 

Computer and digital control equip. 
T« Computing systems 



7 



EI 



0 




vm 



3 



i 



if 



14 



z: 



zz 



z 



z 



z 



z 



U« D gital and computing hardware 



V« Computing software 



z 



-? 



AA« Electronic fabrication 



AB« Power generation, energy transfer 



AC« Electrical power generation, transmiss 



AD« Automatic control svstem 



AU. Electrical instruments and sensors 



AV« Power electronic devices 



AW. Electrical protection devices 



AX. Power transformers, circuit breakers 



AY. Electrical drives 



A2. Electronic commj n i ca 1 1 on 



BA. Other electronic devices 




o 

2 

Hi 

a o 

Ui z 
w 

2 > 

o > 

w r> 
w 

•J 

Hi 

> 
M 



Y. Engineering survey drafting 



BB, 



BC. 



Cadastral survey drafting 
Engineering surveying 



BD. 



Cadastral surveying 

Hydroqraphic surveying and drawing 



z 



0Z0 



z 



BE. Survey computations 



BF. Civil design and computations 



BG. Structural design and computations 



BH. Hydrology and hydraulics 



ZI 



K 



KZ 



BJ. 



BK. 



BL. 



Town planning 
Car toqraphy 



BK. 



Air photo and map interpretation 
Survey investigation and searching 



*NOTE ! 



1. The titles of each of these clusters are given in Table 6.4 and Fioure 6.2. 



D " 0 to 1% contribution to job; 
0 « 1 to 2% contribution to job; 
^« 2 to 51 contribution to job; 



= 5 to 10% contribution to job; 
= over 10% contribution to job; 



ERIC 



Figure 6.17 Duty level job descriptions for clusters within 
Q engineering systems and administration 
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AREA 



DUTY 



PERCENT CONTRIBUTION TO JOB 



CLUSTER 



A, Project planning and management 



B. General administration 



C. Written communication 



D, Oral c omm u n icat ion 



£♦ Finance and estimating 



F. Purchasing 



G. Staff development 



H. Staff supervision 



mmMmumisisumm^yiiii wm. ^ 




Q. Data collection and analysis 




R. Use of calculators and computers 



W. Engineering drawing and graphics 



X. Design drafting 



BN. Still and movie photography 




L. Materials testing 



AE. Earth moving and mining 



AF. Motor ised transport systems 



AG. Process plant engineering 



AH. Metal fabrication, turning and casting 



AJ. Wood, paper, plastics and pa^-kaging 



AK. Building services 



At. Advisory and specialist services 



AM. Constru^'t ion 



AN. Biotechnology and ergonomics 
AP. Tooling and equipment 



AQ. Materials handling 



AR. Production engineering 



AS. Work study 



AT. Fluid power 



S. Computer and digital control equip. 



Computing systems 



Digital and computing hardware 



V. Computing software 



AA. Electronic fabrication 



AB. Power generation, energy transfer 



AC. Electrical power generation, transmiss 

AD. Automatic control system 



AU. Electrical instruments and sensors 
AV. Power electronic devices 



AW, 



Electrical protection devices 



AX. Power transformers, circuit breakers 



AY. Electrical drives 



A2. Electronic communication 



BA. 



Other electronic devices 



Y. Engineering survey drafting 



2. Cadastral survey drafting 



5^ 
Z 

Ik o 
u z 

z >^ 

M U 

o > 
z ot: 
w D 
w 

> 

u 



BB. Engineering surveying 



BC. Cadastral surveying 



BD. Hydrographic surveying and drawing 



BE. Survey computations 



BF. Civil design and computations 



BG. Structural design and computations 



BH. Hydrology and hydraulics 



BJ. Town planning 



BK. Cartography 



BL. Air photo and map interpretation 



BM. Survey investigation and searching 



♦ MOTE ; 1. The titles of each of these clusters are given in Table 6.4 and Figure 6.2. 



r) «« 0 to 1% contribution to job; 
(3* 1 to 2% contribution to job; 
1^ «« 2 to 5% contribution to job; 



Figure 6 . 17 ( Continued ) 



ERIC 



5 to 10% contribution to job; 
over 10% contribution to job; 
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1 n o 



AREA 



DUTY 



PERCENT CONTRIBUTION 10 JOB 



CLUSTER 



tN|\o 



A. Project planning and management 



B. General administration 



Written communication 



D. Oral communica t lo.n 



E. Finance and estimating 



F. Purchasing 



G. Staff development 



H. Staff supervision 



J. Quality assurance/quality control 



K, Quality testing and measuring 



M. Maintenance 



N. Safety 




P. Site inspection and investigation 



Q. Data collection and analysis 



Use of calculators and computers 



Engineering drawing and graphics 



X. Design drafting 



BN. 



Still and movie photography 



L. Materials testing 



AE. Earth moving and mining 



AF. Motor ised transport systems 



AG. Process plant engineering 



Z 



1/ 





14 



AH. Metal fabrication, turning and casting 



A^J. Woodj paper, plastics and packaging 



AK. Building services 



AL. 



AM. 



Advisory and specialist qerviceo 
Construe t ion 



ZK. 




AN. Biotechnology and ergonomics 



Z 



Z 



Z 



AP. Telling and equipment 




AQ. Materials handling 



Production engineering 



AR. 



K 



AS. Work study 



AT. Fluid power 



S. Computer and digital control equip. 



Z 



z 



_T. Computing systems 



U. Digital and computing hardwaie 



V. Computing software 



m 



AA. Electronic fabrication 



Z 



AB. Power generation, energy transfer 




Z 



AC. Electrical power generation, transmiss 



Z 



AD. Automatic control system 



AU. El ectrical instruments and sensors 



lEl 



AV. Power electronic devices 



Z 



AW. Electrical protection devices 



AX. Power transformers, circuit breakers 



AY. Electrical drives 



A2. Electronic communication 



BA. Other electronic devices 



121 



Z 



Y. Engineering survey drafting 



o 
z 
►-f 

a o 
u z 

U 

z >• 

^ u 
o > 

> 
u 



Z. Cadastral survey drcftipg 



BB. Engineering surveying 



Z 



ZZ 



Z 



BC. Cadastral surveying 



Hydroqraphic surveying and drawing 



BD. 



BE. Survey computations 



BF. Civil desiyn and computations 



EG. Structural desion and computations 



BH. 
BJ. 



Hydrology and hydraulics 



Z 



Z 



Town planning 



BK. Cartography 



BL. Air photo and map interpretation 



Z 



BM. Survey investigation and searching 



z 



2 



* MOTK ; 



Figure 

ERIC 



The titles of each of these clusters are given in Table 6.4 and Figure f.2. 



n = 0 to 1% contribution to job; 
0« 1 to 2% contribution to job; 
^ « 2 CO 5% contribution to job; 



6.17 (Continued) 
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5 to 10% contribution to job; 
over 10% contribution to joh; 



An examination of the cluster titles in Table 6.4 gives an 
indication of the range of clusters within the major cluster 
of engineering syi tems and administration. All of the main 
branches of engineering are represented, along with many small 
or more peripheral branches such as estimation, quality control, 
production control and aeronautical engineering. 

Some of the more interesting results in Table 6.4 are: 

the primary clusters range in size from 5 respondents to 17 
respondents; while the intermediate clusters range in size 
from 10 respondents to 124 respondents; 

the average age of each cluster ranges from 23 years 

(cluster 521: building services estimators) to 54 years 

(cluster 449: construction site supervisors); 

the percentage of females in each cluster ranges from 0% in 

a large number of clusters to a maximum of 20% in two 

clusters; 

the average salary ranges from $14, 500 (cluster 521: 
building services estimators) to $30,700 (cluster 469: 
civil/ structural engineering supervisors) ; 

the percentage of members of the cluster completing an 
engineering certificate or higher qualification ranges from 
19% (cluster 357: trade supervisors) to 100% for thrae 
clusters; 

the task level index ranges from 57 (cluster 349: general 
test technicians/officers) to 72 (cluster 469: civil/ 
structural engineering supervisors) ; 

the average number of tasks performed by each cluster 
ranges from 31 (cluster 238: aeronautical engineering 
technicians) to 255 (cluster 548: electric supply 
controllers) . 

Table B-8 in Appendix B ,^ves the percentage contribution in 
each of the four broad job function areas for each cluster. 

The duty level job descriptions in Figure 6.17 provide an 
overview of the duties providing high contributions to the work 
of each cluster, and clearly shov; the importance of duties in 
the general area for all of these clusters. 

To obtain an accurate description of the job profile of each 
cluster, one needs to refer to the task level job descriptions 
in Appendix E. 

A good example of where the task profile in Appendix E shows a 
clear difference betweer two adjacent clusters while the duty 



profile in Figure 6. 17 shows little apparent difference, is 
the two adjacent clusters, cluster 616 - design drafters 
(non-coitputerised) and cluster 657 - design drafters 
(computerised) • 



6.7 CLDSTERS WITHIN CIVIL ENGINEERING AND SURVEYING 



There were 21 primary and 10 intermediate clusters found within 
civil engineering and surveying. Figure 6.3 shows the titles of 
these clusters and the linkages between the primary and 
intermediate clusters. 



As shown in Figure 6.3 the major cluster divided into the 
following main groups: 



cluster 197 
cluster 196 

cluster 198 

cluster 261 

cluster 194 
cluster 128 



civil engineering (202 respondents) 
cartographic and survey analysis (19 
respondents) 

structural engineering design and drafting 
(23 respondents) 

engineering survey assistants (17 

respondents) 

survey assistants (27 respondents) 
engineering technician survey drafting (26 
respondents) 



In addition to these main groups, a number of primary clusters 
that are traditionally classified within civil engineering and 
surveying are to be founu in the adjacent major clusters. That 
is, if there is a high contribution of supervision, 
administration, and/or general engineering duties, f5ome 
traditional civil engineering and surveying clusters were 
included in engineering systems and administration, shown in 
Figure 6.2. Also, if there is a high contribution of design and 
drafting duties, some traditional civil engineering and 
surveying clusters were included in or near the major cluster of 
design and drafting, shown in Figure 6.4. 

The values of some key background variables and task variables 
for each primary and intermediate cluster within civil 
engineering and surveying are given in Table 6.5. Some of the 
more interesting results in Table 6.5 are: 



the primary clusters range in size from 5 respondents to 27 
respondents; while the intermediate clusters range in size 
from 13 respondents to 202 resP'^nUents ; 
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TABLE 6.5 SOME BACKGROUND INFORMATION ON CLDST. WITHIN CIVIL 
ENGINEERING AND SURVEYING 



CLUSTER 
NUMBER 


TITLE 
OF 

CLUSTER 


NUMBER OF RESPONDENTS 


AVERAGE AGE 


PERCENT FEMALE 


AVERAGE SALARY 


NUMBER OF STATES* 


EDUCATION* - % certific 


TASK LEVEL INDEX* 


AVERAGE NO. OF TASKS 


CLUSTER LEVEL* 


AREA OF SPECIALISATION* 


JOB PROFILE PAGE NO. 


197 


CIVIL ENGINEERING 


202 


34 


2 0 


23,500 


8 




83 


65 


114 


A 


C 




407 


ENGINEERING ASSOCIATE SURVEY 




























DRAFTING 


118 


31 


2.f 


21,700 


8 




83 


64 


100 


A 


C 


- 


429 


CIVIL ENGINEERING SUPERVISION 


63 


36 


1.6 


26, 300 


7 




84 


67 


147 


A 


C 


- 


156 


CARTOGRAPHIC & SURVEY ANALYSIS 


19 


32 


15.8 


21,500 


5 


V 


89 


57 


73 


A 


C 


- 


128 


ENGINEERING TLCHNICIAN SURVEY 


26 


29 


15.4 


19,500 


5 


Q 
Q 


58 


58 


40 


B 


C 


- 




DRAFTING 


























198 


STRUCTURAL ENGINEERING DESIGN 


23 


33 


4.4 


23,600 


8 




91 


67 


73 


A 


MC 


- 




AND DRAFTING 


























619 


CIVIL DESIGN & DRAFTING 


66 


31 


1.6 


21,400 


7 




88 


65 


96 


A 


C 


- 


560 


CIVIL i^^NGINEERING OFFICE 


38 


36 


2.6 


27,000 


7 




74 


67 


172 


A 


C 


- 




SUPERVIS ON 


























539 


CIVIL ENGl»iL£RING SITE SUPERVISION 


25 


36 


0.0 


25, 300 


6 


N 


100 


67 


110 


A 


MC 


- 


249 


CARTOGRAPHY 


13 


32 


23.1 


21,200 


5 


V 


83 


54 


71 


A 


C 


- 


635 


Senior Engineering Survey Drafters 


9 


28 


11.1 


20,800 






75 


61 


95 


A 


C 


234 


683 


Civil Design & Drafting Officers 


58 


31 


1.8 


21,300 


7 




86 


64 


99 


A 


C 


235 


748 


Water Storage/Drainage Design and 


8 


32 


0.0 


21,600 


2 


Q 


100 


69 


72 


A 


C 


236 




Drafting Officers 


























612 


Civil Design & Drafting Supervisors 


13 


38 


0.0 


25,400 


5 




92 


68 


117 


A 


C 


237 


605 


Survey Officers 


25 


30 


4.0 


22, 300 


6 




79 


62 


107 


A 


C 


238 


674 


Civil Engineering Office 


21 


35 


4.8 


26,200 


6 




76 


67 


199 


A 


C 


239 




Supervisors 


























6S3 


Senior Civil Engineering Office 


13 


40 


0.0 


30,000 


5 




77 


69 


141 


A 


C 


240 




Supervisors 


























763 


Civil Engineering Site Supervisors 


18 


36 


0.0 


26,200 


6 




100 


67 


107 


A 


MC 


241 


704 


Civil Engineer -'-^g Site Officers 


6 


36 


0.0 


22,000 


2 


V 


100 


67 


116 


A 


MC 


242 


525 


Hydrological Analysis Officers 


8 


36 


0.0 


23,900 


3 




83 


65 


117 


A 


C 


243 


367 


Civil Engineering Officers 


7 


42 


0.0 


26,900 


3 


Q 


86 


68 


87 


A 


C 


244 


568 


Cartocraphic Survey Drafting 


5 


32 


40.0 


19,300 


4 




100 


53 


64 


A 


C 


245 




Officers 


























676 


Cartographic Computation Officers 


6 


30 


0.0 


22,500 


3 




83 


56 


79 


A 


C 


246 


246 


Survey Computation Officers 


6 


32 


0.0 


22,000 


2 


Q 


100 


63 


79 


A 


EC 


247 


445 


Structural Designers and Drafters 


12 


34 


8.3 


24,000 


6 




92 


67 


78 


A 


MC 


248 


471 


Civil & Structural Designers and 


5 


32 


0.0 


23,500 


3 




100 


64 


75 


A 


MC 


249 




Drafters 


























261 


En9ineering Survey Assistants 


17 


33 


6.3 


21,600 


5 


N 


71 


63 


57 


A 


C 


250 


194 


Survey Assistants 


27 


32 


0.0 


20, 500 


7 




76 


60 


49 


A 


C 


251 


488 


Road Survey Drafters 


7 


32 


14.3 


21,800 


4 




43 


60 


51 


B 


C 


252 


606 


Survey Computation & Drafting 


5 


26 


20.0 


17,500 


1 


Q 


60 


59 


32 


B 


C 


253 




Technicians 


























338 


Engineering Survey Drafters 


7 


28 


14.3 


16,600 


5 




20 


54 


1 " 


T 


C 


254 



♦NOTES 
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1. Cluster titles in capital letters indicate intermediate clusters, whereas cluster titles 
in lower-case letters indicate priru^ry clusters. Cluster titles with an asterisk 
indicate the primary clusters that are regarded as marginal, having within group overlap 
indices >f between 40% and 45%, or between groups overlap indices of between 251 and 30%. 

2. States - Indicates the number of States or Territories represented in the cluster. Also 
indicated is the State or Territory representing over 40% of the members of intermediate 
clusters and over 50% of the members of primary c^^sters, where N = NSW, V = VIC, 
Q «- Qld, S = SA, K = WA, T = TAS, A= ACT. 

3. Education indicates the percentage of members ot the cluster who have completed a 
certificate course in engineering or higher qualification. 

4. Task level index indicates the average level of tasks performed by members of the 
cluster. The minimum 0 indicu:es all tasks are performed by technician level workers or 
tr adespersons. The maximum of 100 indicates that all tasks are performed by associate 
level workers or professional engineers. The actual range for all clusters is 47 to 72. 

5» Level indicates the likely average level of the cluster, based on the variables of 
highest education, task level index, and number of tasks performed. A = associate level, 
T e technician level, B « blurred (probable mixture of both levels). 

6. Area of specialisation indicates the main area(s) of specialisation of tne cluster, where 
m = over 6% conl* ItJt ^'^n frr^m •»»'*'*»^ mical/manuf actur ing area, E = over 6% contribution 
from electrical/electronic area, C = over 6% contribution from civil 
engineering/surveying area, and G = general area, with less than 6% contribution in each 
of the other three areas. 

7. Page number of job description indicates th^ page number in Appendix E of the task level 
30b description (top 60 tasks only) of each cluster. 

8. Average figures provide only an approximate indication of population characteristics, due 
to sampling error. Caution should be exercised in interpretation, particularly with 
primary cluster values, as most primary clusters comprise very small numbers of 
respondents* 110 
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AREA 



< 

X 

! ^ 
u 
o 



DUTY 



PERCENT CONTRIBUTION TO JOB 



CLUSTER 



13. 



Proiect pla nnin<j an<] rria naqement 
General administrat j on 



C. Written communication 



D. Oral commun icat ion 



E, Finance and estiiMating 



F. Purchasing 



r-^^. ryr. W vv: '^y VA< W, 'l^' "W. '^x^ 'yvi ^^^t rw^. 

►5 



G. Staff development 



H. Staff supervision 



J> Quality assurance/quality control 



Quality testing and ir.easuring 



M. Maintenance 



N, Safety 



P> Site inspection and investigation 



Q> Data collection and analysis 



Use of calculators and computers 
Engineering drawing and graphics 



X> Design drafting 



BN, 3till and movie photography 




L, Materials testing 



AE> Earth moving and mining 



AF> Motorised transport systems 



AG« Process plant engineering 



AH, Metal fabricationi turning and casting 



AJ> Wood^ paper» plastics and packaging 



AK, Building services 



AL* Advisory and specialist services 



AK. Construction 



AN, Biotechnology and ergonom i cs 
AP> Tooling and equipment 



AQ> Materials handling 



AR. 

AS^ 



Production ergineerinq 



Work study 



AT« Fluid power 



z 

z > 

o > 
z a 

W 



S> Computer and digital control equip 



T> Comput inq systems 



U> Digital and computing hardware 



V> Computing software 



AA> Electronic f abr icat ion 



AB> Power generation, energy transfer 



AC« Electrical power generation, transmiss 



AD« Automatic control system 



AU> Electrical instruments and sensors 



AV. Power electronic devices 



AW, Electrical protection devices 



AX» Power transformers, circuit breakers 



AY> Electrical drives 



A2, Electronic communication 



BA> Other electronic devices 



Y> Enqingerinq survey draftin g 



2> Cadastral survey drafting 



BB> Engineering surveying 



BC> Cadastral surveying I 1/ 1 [X| | 

Hydrog raph ic survey ing and d rawi nq | 

Surve_y computations ^ ^ 5^ ? 



BD. 



BE, Surve_y computations 



BF, Civil design and computation; 



BG. Structural design and computations I ] I I P*^^ M M I H T T 1/1 T 



BH. Hydrology and hydraulics 




*i!Q2E: 1. The titles of each of these clusters are given in Table 6.5 and Figure 6.3. 
2. 

Figure 6.18 



5 to lot contribution to job; 
over 10* contribution to job; 



,c 



0 to 1% contribution to job; = 

1 to 2t contribution to job; [j^ «= 

2 to 5% contribution to job; 

Duty level job descriptions for clusters within 
civil engineering and surveying 
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A^EA 



DUTY 



A. Proiect p}Qnning and management 



PERCENT CONTRIBUTION TO JOB 



CLUSTER* 



B. General adm nistration 



C, Written communication 



D. Oral commjnication 



E. Finance and estimating 




F. Purchasing 



G, Staff developfTient 



H. Staff super V IS ic: 



J. Quality assurance/quality control 



K. Quality testing^ and measuring 



M. Maintenance 



Safety 



P. Site inspection and investigation 



Q. Data collection and analysi-: 



R. Use of calculators and compi-.ters 



W. Engineering drawing and graphics 



X. Design drafting 



3N. Still and rrovie photography 



AE. 



Materials testing 



Earth moving and mining 



AF. Motorised transport systems 



AG. Process plant engineeiing 



AH. 



Metal fatrication, turning and casting 



AJ. Wood> paper, plastics and packaging 



AK. Building services 



Z 



AL. Advisory and specialist services 



AM. Constrnction 



AN. Biotechnology and ergonomics 



■17 



AP. Tooling and equipment 



AQ. Materials handling 



AR. Production engineering 



AS. Work study 



AT. Fluid power 



S* Computer and digital control equ)p. 



T. Coinputing systems 



Z 



U. Digital and computing hardware 



V. Computing software 



3 



AA. Electronic fabrication 



Power generation, energy transfer 



AB. 



AC* Electrical power generation, transmiss. 



AD. Automatic control system 



AU. Electrical instruments and sensors 



AV. power electronic devices 



AW. Electr'^'al protection devices 



AX. Power transformers, circuit breakers 



AY. Electrical drives 



AZ. Electronic communication 



a: o 
u z 

z > 

o > 
z a: 

tfi 



> 

M 



BA. Other electronic devices 



Y. Engineering survey drafting 



Z. Cadastral survey drafting 



BB. Eng ineer ing survey ing 



BC. Cadastral surveying 



BD. Hydrographic surveying and drawing 



BE. Survey computations 



BF* Civil design and computations 



BG. Structural design and computations 




BH. Hydrology and hydraulics 



BJ. Town planning 



BK. Cartography 



BL. Air photo and map interpretation 



BM. Survey investigation and searching 



*l!gxE: 



1. The titles of each of these clusters are given in Table 6.5 and Figure 6*3. 



0 to 1% contribution to job; 
0- 1 to 2% contribution to job; 
- 2 to 5% contribution to job; 



^ Figure 6.18 
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5 to 10% c.'.ptribution to job; 
over 10% contribution to job; 



j'.;:9 



the average age of each cluster ranges from 26 years 
(cluster 606: survey computation and drafting technicians) 
to 42 years (cluster 367: civil engineering officers); 

• the proportion of females in each cluster ranges from 0% in 
a large number of clusters to a maximum of 40% in cluster 
568: cartographic survey drafting officers; 

• the g^verage salary ranges from $16,600 (cluster 338: 
engineering survey drafters) to $30,000 (cluster 693: 
senior civil engineering office supervisors) ; 

• the percentage of members of the cluster complet.lng an 
engineering certificate or higher qualification ranges from 
14% (cluster 338: engineering survey drafters) to 100% for 
five primary clusters; 

. the task level index ranges from 53 (cluster 568: 
cartographic survey drafting officers) to 69 (cluster 748: 
water storage/drainage design and drafting officers) ; 
the average number of tasks performed by each cluster 
ranges from 32 (cluster 606: survey computation and 
drafting technicians) to 199 (cluster 674: civil 
engineering officer supervisors) . 

Table B-9 in Appendix B gives the percentage contribution of 
each of the four brocid job function areas for each cluster • The 
duty level job descriptions in Figure 6.18 provide an overview 
of the duties providing high contributions to the work of each 
cluster, and clearly show the importance of duties in the civil 
engineering/sur«/ ing area for all of these clusters. 

To obtain an accurate description of the job profile of each 
cluster, one needs to refer to the task level job descriptions 
in Appendix E. 

The task level job descriptions in Appendix E and the background 
information in Table 6.5 confirmed the fairly clear division of 
engineering associate clusters from engineering technician 
clusters in the survey drafting occupations. The same sources 
confirmed the clear division of 'office* clusters from 'site* 
clusters in the civil engineering supervision occupations. 
These divisions are reflected in the cluster titles shown in 
Figure 6.4. 

6.8 CLUSTERS WITHIN AND NEAR DRAFTING AND DESIGN 

There were 13 primary and 6 intermediate clusters found within 
drafting and design, and one outlying primary cluster between 
the major cluster of civil engineering and surveying and the 
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major cluster of drafting and design. Figure 6,1 shows the 
titles of these clusters and the linkages between the primary 
and intermediate clusters. 



As shown in Figure 6.4, the major clusters divided into the 
following main groups: 



cluster 159 - drafting (64 respondents) 
cluster 242 - equipment design (29 respondents) 
. cluster 134 - civil design drafters (6 respondents) 

clustar 94 - production method designers and planners (7 
respondents) 

cluster 127 - tooling and equipment technicians (7 
respondents; . 



The values of some key background variables and task variables 
for each primary and intermediate cluster within and near 
drafting and design are given in Table 6.6. Some of the more 
interesting results in Table 6.6 are: 

the primary clusters range in size from 5 respondents to 24 
respondents; while the intermediate clusters range in size 
from 16 respondents to 64 respondents; 

the average age of each cluster ranges* from 23 years 
(cluster 515: engineering survey drafters) to 37 years 
(cluster 126: senior structural analysis and design 
officers) ; 

the percentage of females in each cluster ranges from 0% in 
a large number of clusters to a maximum of 29% in cluster 
515: engineering survey drafters; 

the average salary ranges from $16,600 (cluster 515: 
engineering survey drafters) to $28,900 (cluster 126: 
senior structural analysis and design officers) ; 
the percentage of members of the cluster completing an 
engineering certificate or higher qualification ranges from 
29% (cluster 127: tooling and equipment technicians) to 
100% (cluster 126: senior structural, analysis and design 
officers) ; 

the task level index ranges from 49 (cluster 412: senior 
cartographic survey drafters) to 72 (cluster 126: senior 
structural analysis and design officers) ; 

the average number of tasks performed by each cluster 
ranges from 20 (cluster 389: other design drafters) to 65 
(cluster 285: mechanical designers). 

Table B-10 in Appendix B gives the percentage contribution of 
each of the four broad job function areas for each clust-^^r. 
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lABLE 6.6 SOME BACKGROUND INFORMATION ON OLDSTERS WITHIN AND 
NEAR DRAFTING AND DESIGN 



CLUSTER 
NUMBER 


TITLE 
OF 

CLUSTER 


NUMBER OF RESPONDENTS 


1 — ~ 

1 AVERAGE AGE 


PERC^ENT FEMALE 


AVERAGE SALARY 


NUMBER OF STATES* 


EDUCATION* - % certlfic. 


TASK LEVEL INDEX* 


AVERAGE NO. OF TASKS 


CLUSTER LEVEL* 


AREA OF SPECIALISATION* 


JOn PROFILE PAGE NO. 


159 


DRAFTING 


64 


27 


9. 


5 


19 


,400 


7 


69 


55 


36 


£ 


Q 




278 


DRAFTING ADMINISTRATION AND 


39 


26 


13. 


2 


19 


, 700 


7 


74 


55 


41 


B 


C 






SURVEY DRAFTING 






















324 


SURVEY DRAFTING 


26 


25 


16. 


0 


18 


,600 


5 


76 


54 


39 


B 


C 




301 


DESIGN DRAFTING 


22 


29 


4. 


6 


19 


,000 


6 V 


62 


54 


26 


B 


MC 




242 


EQUIPMENT DESIGN 


29 


30 


0. 


0 


21 


,800 


5 


90 


61 


61 


A 


MC 




351 


SENIOR SURVEY DRAFTERS 


19 


26 


11. 


1 


19 


,200 


5 


83 


55 


38 


B 


C 




126 


Senior Structural Analysis and 


5 


37 


0. 


0 


28 


,900 


2 Q 


100 


72 


48 


A 


MC 


255 


478 


Design Officers 
























Senior Electrical Design Drafters 


7 


29 


0. 


0 


22 


,200 


5 


86 


56 


44 


B 


£ 


256 


513 


Senior Electronic Design Drafters 


6 


29 


16. 


7 


21 


, 500 


4 


50 


56 


47 


T 


G 


257 


515 


Engineering Survey Drafters 


7 


23 


28. 


6 


16 


,600 


3 


57 


52 


41 


B 


C 


258 


497 


Senior Engineering Survey Drafting 


14 


26 


7. 


7 


19 


,900 


3 


86 


57 


40 


B 


C 


259 


41? 


Office s 
























Senior artographic Survey Drafters 


5 


26 


20. 


0 


17 


, 500 


4 


75 


49 


33 


B 


C 


26C 


542 


Building Services Design Drafters 


6 


31 


0. 


0 


19 


, 500 


4 


67 


57 


33 


B 


M 


261 


392 


Structural Design Drafters 


11 


29 


0. 


0 


18.900 


4 V 


64 


55 


25 


B 


MC 


262 


389 


Other De. ign Drafters 


5 


25 


20. 


0 


18 


,700 


3 


50 


50 


20 


T 


C 


263 


-.85 


Mechanical Designers 


24 


29 


0. 


0 


21 


, 700 


5 


92 


62 


65 


A 


MC 


264 


406 


Design and Development Officers 


5 


36 


0. 


0 


22 


,300 


4 


80 


59 


46 


B 


G 


265 


134 


Civil Design Drafters* 


6 


27 


0. 


0 


20 


, 500 


3 V 


67 


62 


35 


A 


C 


266 


94 


Production Method Designers and 


7 


35 


0. 


0 


23 


,000 


5 


57 


61 


44 


A 


M 


267 




Planners* 




















127 


Tooling & Equipment Technicians* 


7 


27 


0. 


0 


17 


,000 


3 


29 


56 


38 


T| 




268 



♦NOTES 



Cluster titles in capital le^.'^rs indicate intermediate clusters, whereas cluster 
titles in lower-case letters indicate primary clusters. Cluster titles with an 
asterisk indicate the primary clusters that are regarded as rr.arginal, having within 
group overlap indices of between 40% and 45%, or between groups overlap indices of 
between 25% and 30%. 

States - Indicates the number of States or Territories represented in the cluster. 
Also indicated is the State or Territory representing over 40% of the members of 
intermediate cluster;; and over 50% of the members of primary clusters, where N « KSK, 
V VIC, Q = Qld, S = SA, W = WA, T = TAS, A« ACT. 

Education indicates the percentage of members of the cluster v*ho have completed a 
certificat;^ course in engineering or higher qualification. 

j:ask — level — index indicates the average level of tasks performed by members of the 
cluster. The minimum 0 indicates all tasks are performed by technician level workers 
or tradespersons. The maximum of 100 indicates that all tasks are performed by 
associate level workers or professional engineers. The actual range for all clusters 
is 47 to 72. 

My£i indicates the likely average level of the cluster, based on the variables of 
highest education, task level index, and number of tasks performed. A = associate 
level, T «= technician level, B = bit-red (probable mixture of both levels), 

— of — specialisation indicates the main area(s) of specialisation of the cluster, 
where m = over 6% contribution from mechanical/manufacturing area, E = over 6% 
contribution from electrical/electronic area, C « over 6% contribution froir. civil 
engineering/surveying area, and G = general area, with less than 6% contribution in 
each of the other three areas. 

2^S^ — number of job description indicates the page number in Appendix E of the task 
level job description (top 60 tasks only) of each cluster. 

Average figures provide only an approximate indication of population characteristics, 
due to sampling error. Caution should be exercised in interpretation, particularly 
with primary cluster values, as most primary clusters comprise very small numbers of 
respondents. 
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*yOTP' 1. The titles of each of these clusters are given in Table 6.6 and Figure 6.4. 

2. n« 0 to 1% contribution to job; 5 to 10% contribution to job; 

0« 1 to 2% contribution to job? H over 10% contribution to job; 
g| a 2 to 5% contribution to job? 

Figure 6.19 Duty level Job descriptions for clusters within 
and near drafting and design 
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The duty level job descriptions in Figure 6.19 provide an 
overview of the duties providing high contributions to the work 
of each cluster, and clearly show the importance of the two 
duties 'W. engineering drawing and graphics • and •X. design 
drafting • for all of these clusters. 

To obtain an accurate description of the job profile of each 
cluster, one needs to refer to the task level job descriptions 
in Appendix E. 



6.9 CLUSTERS WITHIN AND NEAR ELECTRICAL AND ELECTRONIC 
ENGINEERING 

There were 18 primary and 7 intermediate clusters found within 
electrical and electronic eigineoring, and one outlying 
intermediate cluster with two outlying primary clusters adjacent 
to the major cluster. Figure 6.5 shows the titles of these 
clusters and the linkages between the primary and intermediate 
clusters. 

A.S shown in Figure 6.5, the major cluster divided into the 
following main groups: 

cluster 67 - electrical engineering (32 respondents) 
cluster 89 - electronic engineering (126 respondents) 
cluster 56 - electronic testing and supervision (19 
respondents) . 

In addition, there was one outlying intermediate cluster: 

cluster 16 - equipment assembly and repair (54 
respondents) . 

The values of some key background variables and task variables 
for each primary and intermediate cluster within and near 
electrical and electronic engineering are given in Table 6.7. 
Some of the more interesting results in Table 6.7 are: 

the primary clusters range in size from 5 respondents to 17 
respondents; while the intermediate clusters range in size 
from 11 respondents to 126 respondents; 

the average age of each cluster ranges from 25 years 
(cluster 216: computer and digital control technicians) to 
37 years (cluster 183: equipment monitors and maintainers) ; 
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TABLE 6.7 SOME BACKGROUND INFORMATION ON CLUSTERS WITHIN AND 
NEAR ELECTRICAL AND ELECTRONIC ENGINEERING 



CLUSTER 
NUMBER 


TITLE 
OF 

CLUSTER 


NUMBER OF RESPONDENTS 


AVERAGE AGE 


PERCENT FEMALE 


AVERAGE SALARY 


NUMBER OF STATES* 


EDUCATION* - % certific 


TASK LEVEL INDEX* 


AVERAGE NO. OF TASKS 


CLUSTER LEVEL* 


AREA OF SPECIALISATION* 


JOB PROFILE PAGE NO. 


89 


ELECTRONIC ENGINEERING 


126 


30 


0.8 


21,900 


8 


48 


61 


103 


B 


E 


- 


67 


ELECTRICAL ENGINEERING 


32 


33 


0.0 


25,200 


8 V 


55 


59 


86 


A 


ME 




120 


ELECTRONIC EQUIPMENT 


79 


30 


0.0 


21,900 


8 


47 


62 


129 


B 


E 


_ 
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COMPUTER & DIGITAL EQUIPMENT 


45 


31 


2.3 


21,700 


8 


50 


58 


57 


T 


E 




85 


ELECTRICAL MONITORING 


20 


35 


0.0 


26,200 


7 V 


55 


59 


91 


A 


ME 


- 


56 


ELECTRONIC TESTING & SUPERVISION 


19 


30 


0.0 


22,000 


7 


58 


59 


44 


B 


E 




100 


EQUIPMENT MONITORING & CONTROL 


11 


35 


0.0 


22,700 


7 


45 


59 


83 


T 


ME 


_ 


119 


Electrical Protection Technicians/ 


12 


30 


0.0 


23,500 


4 


55 


58 


77 


A 


E 


269 




Technical Officers 
















175 


Electrical Power Generation 


9 


36 


0.0 


30,500 


1 V 


67 


60 


102 


A 


ME 


270 


207 


Supervisors 
















Automatic Control System 


5 


31 


0.0 


22,300 


5 


20 


60 


78 


B 


E 


271 




Technicians 
















183 


Equipment Monitors & ^laintainer s* 


6 


37 


0.0 


23,000 


5 


67 


57 


87 


A 


ME 


272 


629 


Microelectronic Design and 


9 


34 


0.0 


24,100 


3 V 


78 


66 


213 


A 


E 


273 




Development Officers 






















562 


Senior Microelectronic Maintenance 


14 


31 


0.0 


23,500 


5 


42 


64 


146 


B 


E 


274 




Technici^ins 














545 


Senior Electronic Maintenance 


5 


27 


0.0 


23,500 


3 V 


60 


62 


162 


A 


ME 


275 




Officers 
















308 


Electronic Communication System 


17 


33 


0.0 


22,500 


5 


53 


61 


101 


A 


E 


276 




Repair Officers 




















280 


Electronic Control System 


3 


26 


u • u 


on Q nn 


A 
H 


I D 


C C 

bo 


134 


T 


ME 


O T T 
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Repair Technicians 
























167 


Senior Electronic Equipment 


9 


29 


0.0 


22,800 


5 


56 


63 


97 


A 


E 


278 




Officers* 




















181 


Electronic Technicians* 


6 


24 


0.0 


15,500 


4 


17 


57 


87 


T 


ME 


279 


315 


Computer and Digital Equipment 


16 


35 


0.0 


23,300 


6 


40 


62 


73 


B 


E 


280 




Installation Technicians 


















362 


Computer and Digital Equipment 


6 


28 


0.0 


22,500 


3 


50 


55 


46 


T 


E 


281 




Maintenance Technicians 


















216 


Computer and Digital Control 


10 


25 


10.0 


20,100 


5 


40 


56 


58 


T 


E 


282 




Technicians 


















229 


Biotechnology and Other 


5 


32 


0.0 


21,100 


4 


60 


55 


36 


B 


E 


283 




Instrument Technicians 


















179 


Communication Systems Design 


5 


32 


0*0 


19, 300 


4 


100 


55 


50 


B 


E 
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and Assembly Technical Officers 


















206 


Electronic Testers 


6 


27 


0.0 


19,900 


3 


83 


56 


42 


B 


G 


285 


92 


Electronic Supervisors 


10 


32 


0.0 


22, 300 


5 


50 


63 


45 


B 


E 


286 


16 


EQUIPMENT ASSEMBLY & REPAIR 


54 


27 


1.9 


18,800 


6 


31 


52 


24 


T 


ME 




215 


Fluidic & Electronic Technicians 


6 


26 


0.0 


18,000 


4 


17 


47 


8 


T 


ME 


287 


86 


Equipment Maintenance Technicians* 


8 


25 


0.0 


16,000 


3 W 


38 


53 


19 


T 


M 


288 



Cluster — titles in capital letters indicate intermediate clusters, whereas cluster 
titles in lower-case letters indicate primary clusters. Cluster titles with an 
asterisk indicate the primary clusters that are regarded as marginal, having within 
group overlap indices of between 40% and 45%, or between groups overlap indices of 
between 251 and 30%. 

2* S.tates - Indicates the number of States or Territories represented in the cluster. 

Also indicated is the State or Territory representing over 40% of the members of 

intermediate clusters and over 501 of the mombers of primary clusters, where N « NSW, 

V « VIC, Q « Old, S « SA, W - WA, T - TAS, A« ACT. 
3. Education indicates the percentage of members of the cluster who have completed a 

certificate course in engineering or higher qualification. 

Task — level — index indicates the average level of tasks performed by members of the 
cluster. The minimum 0 indicates all tasks are performed by technician level workers 
or tradespersons. The maximum of 100 indicates that all tasks are performed by 
associate level workers or professional engineers. The actual range for all clusters 
is 47 to 72. 

5» Level indicates the likely average level of the cluster, based on the variables of 
highest education, task level index, and number of tasks performed. A « associate 
level, T ■ technician level, B » blurred (probablo mixture of both levels). 

of spec 1 a 1 i sa t ion indicates the main area(s) of specialisation of the cluster, 

where m - ovor 6% contribution from mechanical/manufacturing area, E - over 6% 
contribution from oloctr ical/e lect ronic area, c ■ over 6% contribution from civil 
engineering/surveying area, and G » general area, with less th.in 6% contribution in 
each of the other three areas. 

number of job description indicates the page number in Appendix E of the task 

level job description (top 60 tasks only) of each cluster. 

8. Average figures provide only an approximate indication of population characteristics, 
due to sampling error. Caution should be exercised in interpretation, particularly 
with primary cluster values, as most primary clusters comprise very small numbers of 
respondents. 




Q. Data collection and analysis 



Use of calculators and computers 




♦NOTE: 



1. The titles of each of t» ise clusters are given in Table 6.7 and Figure 6.5. 
2. 



5 to 101 contribution to job; 
over 10% contribution to job; 



Figure 6.20 



n« 0 to II contribution to job; ^ 

0= 1 to 2% contribution to job; || 

2 to 5% contribution to job; 

3. This fiqure includes adiacent heteroqoneous clusters (sec section 6.10) 



Duty level job descriptions for clusters within 
and near electrical and electronic engineering 



AREA 



DUTY 



A, Project planning and management 



PERCENT CONTRI BUTION TO 



CLUSTER* 



B. General administration 



C. Written communication 



D» Oral communicat ion 



£» Finance and estimaiinc^ 



F. Purchasing 



G> Staff developTT.ent 



H. Staff supervision 



J. Quality assurance/quality control 



K> Quality testing and measuring 



Vi» Maintenance 



Safety 



IS 



P> Site inspection and investigation 



0> Data collection and analysis 



R> Use of calculators and computers 



W. Engineering drawing and graphics 



X> Design drafting 



BN> Still and movie photography 



L> Materials testing 



AE> Earth moving and mining 



AF. Motor ised transport systems 



AG. Process plant engineering 




AH. Metal fabrication, turning and casting 



AJ . Wood, paper, plastics and packaging 



AK. Building services 



AL. Advisory and specialist services 



AM. Construction 



AN. Biotechnology and ergonomics 



AP. Tooling and equiprrent 



A0> Materials handling 



AR. Production eng i neering 



AS. Work study 



AT. Fluid_power 



S. Computer and digital control equip. 



T. Computing systems 

Digital and computing hardware 
Computing sof tware 



Electronic fabrication 



_AB. Power generation, energy transfer 



AC. Electrical power _9eneration_f^ transmss 



AD. Autom.atic control system 



AU. Electrical instruments and sensors 



AV. Power electronic devices 



AW. Electrical protection devices 



AX. Power transformers, circuit breakers 



AY. Electrical drives 



A2. Electronic communication 



BA. Other electronic devices 



Y. Engineering siirvey drafting 



2. Cadastral survey drafting 



BB. Engineering sjrveying 



BC. Cadastral surveying 



Cil z 
2 > 
O > 



BP. H; Jrographic surveying and drawing 



BE. 
BF. 



Survey computations 



Civil design and computations 



BG. 



Structural des ig n and computations 



BH. Hydrology and hydraulics 



BJ. Town planning 



BK. Cartography 



BL. Air photo and map interpretation 



BM. 



Survey investigation and searching 



•yOTg: 1. The titles of each of these clusters are given in Table 6.7 and Figure 6.5. 
2. 



n ■» 0 to 1% contribution to job; 
0« 1 to 2% contribution to job; 
g| " 2 to 5% contribution to job; 



5 to 10% contribution to job; 
over 10% contribution to job; 



3. This figure includes adjacent heterogeneous clusters {see section 6.10) 

Q ?lgure 6.20 (continued) 
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the proportion of females in each cluster ranges from 0% in 
a large niamber of clusters to a maximum of 10% in one 
cluster; 

• the average salary ranges from $15,500 (cluster 181: 
electronic technicians) to $30,500 (cluster 175: electrical 
power generation supeirvisors) ; 

the percentage of members of the cluster completing an 
engineering certificate or higher qualification ranges from 
17% in two clusters (cluster 181: electronic technicians; 
and cluster 215: fluidic and electronic technicians) to 
100% (cluster 179: communication system design and assembly 
technical officers) ; 

the task level index ranges from 47 (cluster 215: fluidic 
and electronic technicians) to 66 (cluster 629; 
microelectronic design and development officers); 
the average number of tasks performed by each cluster 
ranges from 8 (cluster 215: fluidic and electronic 
technicians) to 213 (cluster 629: microelectronic design 
and development officers) . 

Table B-11 in Appendix B gives the percentage contribution of 
each of the four broad job functions areas for each cluster. 

The duty level job descriptions in Figure 6.20 provide an 
overview of the duties providing high contributions to the work 
of each cluster, and clearly show the importance of duties in 
the electrical/electronic area for all of these clusters. 

To obtain an accurate description of the job profile of each 
cluster, one needs to refer to the task level job descriptions 
in Appendix E. 



6.10 HETEROGENEOUS CLUSTERS 

A significant number of respondents formed clusters rather late 
in the hierarchical clustering process. Such clusters have 
relatively low within group overlap indices and between groups 
overlap indices. The members of these clusters tend to be 
Heterogeneous in their job profiles. Though forming a •loose* 
cluster, in their work patterns they behave more like 
individuals. Consequently the nature of the work of such 
clusters is usually difficult to interpret. 

As mentioned in Section 3.5, Archer (1966) suggests minimum 
values of: 
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34 
(188) 

electrical and 
electronic 
engineering 





electrical 
engineering 




electronic 
engineering 



electronic equipment 




computer & digital 
equipment 



to 




SOTE: The ten heterogeneous clusters 
are indicated by broken lines. 
Titles were not given to these 
clusters because o^ their 
heterogeneity. 




equipment assembly 
and repair 
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The heterogeneous clusters shown in Part 4 of the full cluster diagram 
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. 50% for within group overlap indices; and 
. 35% for between groups overlap indices, 

as an acceptable level for clusters representing distinct job 
types. In this study minimum values of 40% and 25% respectively 
were chosen because of the broad scope of the task inventory and 
the sample obtained. Clusters having indices above these values 
were reasonably easy to interpret. 

Tere were ten outlying clusters not shown in the cluster diagram 
because they had within group overlap indices of less than 40% 
or between groups overlap indices of less than 25%, and thus 
were excluded from further analysis. Two of these rejected 
clusters were located between the major cluster of drafting and 
design and the major cluster of electrical and electronic 
engineering, and contained a total of 29 respondents. The other 
eight rejected clusters were located to the right of the major 
cluster of electrical and electronic engineering, and contained 
a total of 90 respondents. The ten rejected clusters are shown 
in Figure 6.21, which represents Part 4 of the full cluster 
diagram. Figure 6.21 also shows their position relative to the 
adjacent clusters. 

The ten rejected clusters contained a total of 119 respondents. 
The underlying reason for their exclusion from further analysis 
is the heterogeneous nature of their job profiles resulting in a 
poor fit in any group or cluster. It is significant that most 
of these clusters were located in one area, and the number of 
respondents involved is also significant. 

The duty level job descriptions of these clusters are given in 
Figure t'.20. Further data would need to be collected, probably 
by interviewing individual respondents, in order to dra;/ 
conclusions on the nature of the work of these respondents and 
the relevance of present courses to their needs. It is 
suspected that TAFE and other education providers do not cater 
well for the education needs of these respondents because they 
do not form a single large and clearly definable group. The 
project resources did noL allow a follow-up of these 
respondents. 

Recommendation 1 

That a study be undertaken of the section of the engineering 
technical workforce represented by the ten heterogeneous 
outlying clusters found in this study. The purpose of the study 
should be to determine the job functions P.nd education and 
training needs of this section of the workforce. 
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CHAPTER 7: DISCUSSION OF THE GENERAL RESULTS 



7.1 EDUCATION FOR THE RANGE OF ENGINEERING TECHNICAL WORKFORCE 
OCCUPATIONS 

The primary clusters found in this study and discussed in the 
previous four sections represent the spectrum of occupational 
groups in the engineering technical workforce. It is suggested 
that TAPE and other providers of education and training for the 
engineering technical workforce should compare the needs, 
represented by these clusters (and presented in Cha;^ter 6 and 
Appendix E) , with their current overall provision of engineering 
courses. It is likely that suitable education programs are not 
available for all of these occupational groups in all States and 
Territories. 

Differences in the types of industries and the way work is 
organised occur among the States and Territories, there being 
evidence for this in the distribution of the State/Territory 
variable among the primary clusters (see Tables 6.4, 6.5, 6.6 
and 6.7). After allowing for this, there are likely to be gaps 
remaining in the scope of courses offered when compared with the 
educational needs of the engineering technical workforce. 

Recommendation 2 

That TAPE Authorities and other education and training providers 
use the results of this study to review their current courseti 
for the engineering technical workforce. In particular^ the 
needs of the engineering technical workforce^ represented by the 
occupational clusters found in this study^ should be compared 
with each Authority's overall provision of engineering 
courses. 



Any thorough review of engineering courses should involve an 
examination of all of the occupational clusters found in this 
study, but some of the primary clusters warrant a particularly 
close examination because they show evidence of significant 
departures from the average distribution of educational 
qualifications. Of particular interest in this regard are the 
following responses to Question 9: 



ERIC 



127 



blank response, 

completion of 'other course*, 

certificate or associate diploma course commenced but not 
continued. 

Clusters that show much higher than average rates for these 
three responses may indicate a gap in the provision of suitable 
TAFE or CAE courses for the particular needs of the occupational 
groujp represented by the cluster. 

The whole sample distribution of 'highest education' responses 
for these three are: 

• blank response - 55 respondents (4.5%), 

completion of other course - 34 respondents (2.9%), 
certificate or associate diploma course commenced but not 
continued - 67 respondents (5.7%), 

. total of all three - 156 respondents (12.7%). 

Primary clusters that showed a tocal of 25% (i.e. about double 
the whole sample rate) or more of these responses and 3 or more 
respondents giving these responses, are listed in Table 7.1. 



TABLE 7.1 LIST OF PRIMARY CLUSTERS HAVING A HIGHER PROPORTION 



OF UlfUSLAL EDUCATIONAL QUALIFICATIONS 


CLUSTER 




NUMBERS 


CLUSTER TITLE 


609 


Electronic Engineering Supervisors 


357 


Trade Supervisors 


632 


Materials Test Technicians/Officers 


576 


Electro-mechanical Engineering Officers 


525 


Hydrological Analysis Officers 


261 


Engineering Survey Assistants 


338 


Engineering Survey Drafters 


562 


Senior Micro-electronic Maintenance Technicians 


315 


Computer and Digital Equipment Installation Technicians 


092 


Electronic Supervisors 
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Recommendation 3 



In reviewing their engineering courses^ TAFE Authorities and 
other education and training providers should closely examine 
those occupational clusters in this study signalled as having a 
higher proportion of unusual educational qualifications . 



7.2 COMHON DUTIES 



For the purpose of vocational curriculum design and delivery 
there is much interest in identifying those duties that are 
common to two or more occupational groups, particularly in those 
areas where small student numbers are involved. 

The duty level job descriptions of the pajor clusters (Figure 
6.16) and the intermediate and primary clusters (Figures 6.17, 
6.18; 6.19 and 6.20) provide a visual impression of the degree 
of commonality of each duty. It will be useful, however, to use 
a specific measure of degree of commonality. 

The degree of commonality of each duty in the inventory of 61 
duties was determined by using a simple benchmark. If the duty 
contributed over 2% to the job of the cluster overall, it was 
regarded as a sufficient contribution to warrant prima facie 
inclusion in any education or training program designed for the 
members of that cluster. In addition, if this threshold level 
of 2% contribution occurred in two or more clusters, it was 
regarded as a duty common to those clusters. 

Using this benchmark, the degree of commonality of each duty 
among the 99 primary and 4 major clusters may be classified in 
one of six levels as follows: 



level 
level 
level 
level 
level 
level 



duties common to all four major clusters 

duty common to three major clusters 

duty common to two major clusters 

duty common in one major cluster 

duty common to two or more primary clusters only 

duty specialised in one primary cluster 



Figure 7.1 illustrates the first four levels of commonality 
involving the four major clusters. 



Applying the criteria for these six levels to the 61 duties in 
the inventory, the following results were obtained: 



5 duties 

3 duties 
7 duties 

18 duties 

24 duties 

4 duties 



are at level 1 
are at level 2 
are at leve) 3 
are at level 4 
are at level 5 
ara at level 6. 




Figure 7.1 Venn diagram of duties ir he four major clusters, 
showing four levels of commonality 



Within each level, it is also possible to rank duties on the 
level of commonality by measuring the amount of overlap in 
percentage contribution to job. Thus all of the 61 duties have 
been arranged in hierarchical order based on degree of 
commonality. This hierarchical list is given in Table 7.2 

When applying the information in Table 7.2 to the structure of 
new courses, some care should be taken if curriculum modules are 
designed to meet the needs of students in more than one branch 
of engineering. For example, data collection and analysis in 
civil engineering may require a somewhat different emphasis and 
different approach to data collection and analysis in electrical 
engineering. More detailed guidance is provided by the task 
level job descriptions in Appendix E. The common duties list in 
Table 7.2 provides only broad guidelines for the structure of 
engineering courser for the engineering technical workforce. 
Curriculum developers will need to refer to the more detailed 
task level information in Appendix E. 



ERLC 



TABLE 7.2 HIERARCHICAL LIST OF DUTIES SHOWING THE DEGREE OP COMMONALITY 



DUTY 



MAJOR CLUSTERS IN WHICH 
DUTY IS MAINLY PERFORMED 
74* 82* 68* 34* 



1. DUTIES CO MMON TO ALL FOUR KAJOR CLUSTERS ! 

C. Written conununication x 

D. Oral communication x 
B. General administration x 
R. Use of calculators and computers x 
H. Staff supervision x 

2. DUTIES COM MON TO THREE MAJOR CLUSTERS ; 

W. Engineering drawing and graphics x 
X. Design drafting x 
G. Data collection and analysis x 

3- DUTIES COMMON TO TWO MAJOR CLUSTERS : 

M. Maintenance x 

£. Finance and estimating x 
Y. Engineering survey drafting 

K. Quality testing and measuring x 

A. Project planning and management x 

P. Site inspection and investigation x 

G. staff development x 

4. DUTIES COMMON IN ONE MAJOR CLUSTER : 

U. Digital and computing hardware 

BB. Engineering surveying x 

BE. Survey computations x 

BF. Civil design and computations x 
AU. Electrical instruments and sensors 

F. Purchasing x 

AV. Power electronic devices 

BA. Other electronic devices 

AD. Automatic control system 

AA. Electronic fabrication 

! AW. Electrical : protection devices 

j BL. Air photo and map interpretation 

j AZ. Electronic communication 

BH. Hydrology and hyraulica 



X 
X 
X 
X 
X 



X 
X 
X 



X 
X 



X 
X 
X 
X 
X 



DUTY 



MAJOR CLUSTERS IN WHICH 
DUTY IS MAINLY PtRKORMED 
74* 82* 6J* 34* 



S. Computer and digital control c^ip. 
AC. Electric, power generation,trai.smi. x 
BG. Structural design and computations x 
AH. Metal fabrication, turning and 

casting x 

5 • D tJTIES C OMMON TO TWO OR MORE PRIMARY CLUSTERS QN^Y : 

J. Quality assurance, quality control x 
AP. Tooling and equipment x 
AM. Construction x 
BK . Cartography x 

N. SaTety x 
AL. Advisory and specialist services x 
BM. Survey investigation and searching x 
AK. Building services x 

T. Computing systems 
AB. Power generation, energy transfer 

AT. Fluid power x 
AX. Power transormers, circuit breakers 
AY. Electrical drives 

BC. Cadastral surveying x 
V. Computing software 

2. Cadastral survey drafting x 
AG. Process plant engineering 

BN. Still and movie photography x 
L. Materials testing x 

AE. Edrth moving ?nd mining x 

AF. Motorised transport systems x 

AQ. Materials handling x 
AS. Work study x 
AR. Production engineering x 

6. DUTIES SPECIALISED IN ONE PRIMARY CLUSTER ; 

AJ. Wood, paper, plastics and packaging x 

AN. Biotechnology and ercjonomics 

BD Hydrographic surveying and drawing x 

BJ. Town planning x 



x 

X 



NiOTE: Cluster 74 = Engineering syste.T.s and ad^iinistration 
Cluster 82 = Civil engineering and sur /eying 



Cluster 68 = Drafting and design 

Cluster 34 = Electrical and electronc er.oir.eering 



These results indicate that common or core curriculum units or 
modules could, subject to the above qualification, be developed 
for a range of occupational groups. Tha emergence of 
multi-discipline occupational clusters, as discussed in Section 
7,3, should also provide an impetus to development of such 
curriculum units or modules. A further factor is the economic 
one. In areas where low student numbers are likely, common or 
core curriculum units provide a basis for obtaining larger 
classes • 

Recommendation 4 

That commoi. or core curriculum modules be developed in those 
areas judged^ on the basis of the results of this study and 
other information^ to be sufficiently common to two or more 
engineering occupational groups. 

7.3 LEVELS WITHIN THE ENGINEERING TECHNICAL WORKFORCE 

While there is wide agreement in the literature on the existence 
of two levels within the engineering technical workforce, very 
little empirical evidence has been obtained to support this 
notion (see Section 3.2). 

It is generally r^greed that the educational qualifications 
required for associate level is completion of an engineering 
certificate or associate diploma. The education required for 
the technician level is less widely agreed, but is usually said 
to be cither: 

completion of a trade course plus on-the-job training after 

completion of a trade; 

completion of a technician course; 

completion of a post-trade course specially designed for 
technician needs; 

partial completion of a certificate course and, possibly, 
on-the-job training. 

Thus education provides a convenient method of dividing 
associate level from technician level, and many authors use the 
following benchmark: 

completion of an engineering certificate or equivalent 
qualification equals associate level; 

any 'lower' education qualification equals technician level 
or lower. 
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In this study evidence for the existence of two levels was 
sought by testing for any relationship between: 



aducational qualification and perceived 'task level'; 
. educational qualification and range or number of tasks 
performed. 

Educational qualification was reduced to the one simple 
statistic of whether each respondent had completed an 
engineering certificate or higher. 

Perceived task level was measured by obtaining the average level 
rating of each task by a panel of experts who were familiar with 
associate level and technician level occupations. Details on 
how this was calculated are given in Section 4.3. 

Number of tasks was measured by counting the number of tasks 
performed out of the inventory of 621 tasks. 

The average values of these three variables were determined for 
each of the 99 primary clusters, and then correlation analysis 
was performed on the sample of 99 primary clusters. 

A statistically significant correlation of o.41 was found 
between average educational level and average task level of the 
clusters. Also a statistically significant correlation of 0.22 
was found between average educational level and average number 
of tasks performed by the clusters, ocatter plots of these two 
relationships are rjiven in Figures B-l and B-2 in Appendix B. 

The statistically significant correlation between average 
educational level and average task level of clusters confirms a 
relationship between educational level and occupational level. 
Occupational clusters that were perceived to be generally 
undertaking tasks at the higher of two levels tended to consist 
of members having higher educational qualifications (measured by 
the percentage completing an engineering certificate or 
higher) . Occupational clusters that were perceived to be 
generally undertaking tasks at the lower of two levels tended to 
consist of members having lower education qualifications 
(completion of trade, trade technician, post-trade, part 
certificate, or other course) . 

Also the statistically significant correlation between average 
educational level and average number of tasks performed confirms 
a relationship between educational level and number and breadth 
of tasks performed. Occupational clusters that undertook a 



133 



large number of tasks tended to consist of members having a 
higher educational level. Occupational clusters that undertoo)^ 
a small number of tasks tended to consist of members having a 
lower educational level. 

These results lend support to the notion of two, rather than 
one, occupational levels within the engineering technical 
workforce in Australia. The results also indicate the nature of 
these two levels, and agree with the key findings of other 
studies (as discussed in Sections 3.2 and 3.3) that: 

. workers in occupations within the higher of the two levels 
generally undertake a broader range of tasks while workers 
in the lower of the two occupational levels generally 
undertake a narrower range of tasks; 

. workers in occupations within the higher of the two levels 
generally have completed an engineering cerficate course or 
higher educational qualifications, while workers in the 
lower of the two occupational levels generally have 
completed other education and training, such as completion 
of a trade, trade technician, post-trade, part certificate 
or other course. 

Table B-4 in Appendix B gives the distribution of highest 
engineering educational attainments for the whole sample. It is 
notable that of the 4 05 respondents who had technician level 
qualifications or lower, the largest group had partly completed, 
but were continuing, a certificate or associate diploma course, 
represented by 179 respondents (that is, 44% of the 405 
technician level respondents) . The second largest group was 
those that had partly completed, but not continued, a 
certificate or associate diploma course, represented by 67 
respondents (17%). Relatively few had completed post-trade, 
trade or trade technician courses. 

This situation is of concern to some writers, who suggest that 
partly completed certificate or associate diploma courses may 
not provide an appropriate education for engineering technician 
occupations, as these courses are primarily designed around the 
needs of engineering associate occupations (see Section 3.3). 
This issue is likely to increase in significance in the future, 
as many writers hd v c predicted an increase in the numbers 
employed in engineering technician occupations (see Section 
3.4) . 



ERLC 



134 



Fecommendation 5 



That TAPE Authorities and other education and training providers 
recognise the existence of two engineering occupational levels 
between trade and professional levels and that these be termed: 

engineering technician levels 
engineering associate level. 

Further^ that education and training programs be provided for 
occupational groups within each levels appropriate to their 
particular needs. 



Despite these findings, other results in the study indicate 
chere is 'blurring' of boundaries between occupational levels. 
For example, each of the 99 occupational clusters identified in 
this study consist d of engineering technical workers performing 
quite similar tr, , yet most of the clusters consisted of 
members having varying educational qualifications (see Tables 
6.4, 6.5, 6.6, and 6.7). On the other hand when the sample is 
divided into two groups by education, namely: 

those having associate level qualifications or higher, 
those having technician level qualifications or lower 

members of both levels often appear in the same occupational 
cluster and perform similar tasks. 

To identify the clusters that showed evidence of blurring across 
the technician-associate boundary, a simple algorithm was 
designed to combine the three variables of: 

highest education (percentage completing certificate), 
task level index, 
number of tasks, 

and then categorise the averag e level of each primary cluster as 
either associate, blurred, or technician. 

Highest education is regarded by most authors as the critical 
variab] e in determining engineering occupational level (see 
Section 3.3), so the algorithm is based on the assumption that 
66% of the whole sample are employed in associate level 
occupations and 34% are employed in technician level 
occupations, as 66% of the whole sample have completed a 
certificate course in engineering or higher. The three 
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pertinent variables were then dichotomised using the 34th 
percentile of each variable as follows: 



highest education - over 50% of cluster = high, 

equal or under 50% of cluster = low; 
task level index - over 59 = high, equal or under 59 = low; 
number of tasks - over 50 = high, equal or under 50 = low. 

Using these three dichotomised variables, the three cacegories 
of average level of cluster were determined using the algorithm 
in Table B-7 in Appendix B. It is important to note that this 
algorithm gives more weight to the education variable than the 
other two variables. 



TABLE 7.3 FREQUENCY CROSS-TABULATION OF THE 99 PRIMARY 
CLUSTERS, AT EACH LEVEL BY MEMBERSHIP OF MAJOR 
CLUSTER 



MAJOR CLUSTER OF MEMBERSHIP 


AVERAGE LEVEL 


TOTAL 


associate 


blurred 


technician 


Engineering systems and 










administration 


38 


4 


2 


44 


Civil engineering/surveying 


18 


2 


1 


21 


Drafting & design 


3 


7 


3 


13 


Electrical & electronic 










engineering 


7 


7 


4 


18 


Outliers 


1 




2 


3 


TOTAL: 


67 


20 


12 


99 



The average level of each cluster is given in Tables 6.4, 6.5/ 
6.6 and 6.7 in the third last column. A summary of these 
results for the 99 primary clusters is given in Table 7.3. The 
table indicates that as many as 20 of the 99 primary clusters 
appeared to be blurred across the technician-associate boundary. 
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This type of blurring mostly occurs in the major cluster 
drafting and design and the major cluster electrical and 
electronic engineering . 

This blurring appears to occur at all boundaries between 
occupational levels in engineering, though the 

associate-professional boundary and the technician-grade 
boundary were not closely examined in this study. For example, 
a small number of respondents (1.7%) indicated they had 
completed a university degree in engineering, yet classed 
themselves as a member of the engineering technical workforce by 
answering 'yes' to the first question. 

The blurring across the technician-associate boundary indicates 
that members of these occupational clusters may require a 
combination of associate level and technical level education, 
where separate educational programs are offered for each level. 

Recommendation 6 

In cases where separate educational orograms are designed for 
each of the two engineering technical workforce levels^ that 
appropriate combinations of both programs be available for those 
within occupational clusters requiring skills across both 
levels. 



7.4. MULTI-DISCIPLINE CLUSTERS 

It is apparent from the duty level and task level job 
descriptions that a significant number of primary clusters 
undertake many duties and tasks in more than one of the 
following three specialised engineering areas: 

. mechanical/manufacturing ; 

. electrical/electronic ; 

. civil engineering/surveying. 

Such clusters are termed multi-discipline clusters in this 
study, but other terms such as multi-skilling are used in the 
literature for individuals or occupational clusters whose work 
involves tasks, to a significant extent, in more than one 
disjipline or area as listed above. In Figure 1.2 on page 5 
•cluster B' provides a simple illustration of a multi-discipline 
cluster. 



Some writers have suggested that there is a trend in Australia 
and elsewhere towards an increase in this type of work, and 
suggest that a major influence is the introduction of new 
technology. The trend towards multi-discipline clusters is 
sometimes referred to as •blurring^ (Ford, 1986). 

In this study it was decided tc have a closer look at such 
clusters, and the following criterion was used to define (and 
thus identify) such multi-discipline clusters for the purpose of 
this closer study: 

multi-discipline clusters are those that have an 
average percentage contribution over the whole cluster 
of more than 6% in more than one specialised area as 
specified in this study. 

The value of 6% was ohosen because it was significantly above 
the average percentage con*:ribution in the second ranking 
specialised area of the primary cluster. 



TABIiE 7.4 



LIST OF MULTI -DISCIPLINE CLUSTERS 



CLUSTER TITLE 



CLUSTER 

HUMBER 

240 Planners of new electricity supply 

671 Electrical engineering estimators 

305 Building services designers 

664 Mechanical design drafters 

657 Design drafters (computerised) 

299 Senior hydrology technical officers 

609 Electronic engineering supervisors 

277 Senior production and engineering 

quality controllers 

349 General test technicians/officers 

135 Cartographic survey supervisors 

526 Senior electric supply controllers 

548 Electric supply controllers 

76 Electro-mechanical engineering officers 

234 Electro-mechanical control system designers 

259 Production engineering officers 

763 Civil engineering site supervisors 

704 Civil engineering site officers 

246 Survey computation officers 

445 Structural designers and drafters 

471 Civil and structural designers and drafters 

126 Senior structural analysis and .'esign officers 

392 Structural design drafters 

285 Mechanical designers 

175 Electrical power generation supervisorc 

183 Equipment monitors and maintainers 

545 Senior electronic jiaintenance technicians 

280 Electronic control system repair technicians 

181 Electronic technicians 

?li> Fluidic and electronic echnicians 



SPECIALISED AREAS CONTRIBUTING 
^ _ TO JOB OF OIJ^.qTFR* 

Mechanical/ Electrical/ civil Eng./ 
Manufacturing Electron! 



surveying 



** 

* 

* 
* 



* 



* ft 
ft ft 
ftft 
ft ft 



ft 

ftft 



ftft 
ftft 
ftft 
ftft 
ftft 
ftft 
* 



*NOTE: * indicates 6 to 10 v. contributioii to 30b over the who It; clustfi 

** indicates mort* th.in \0t contribution to 30b over the whole «-luiitui 
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Using the 6% criterion, 29 of the 99 primary clusters were found 
to be multi-discipline clusters, and these are listed in Table 
7.4. If a stricter 10% criterion is used, eiaht of the 29 
clusters remain. These eig>t may be regarded as strongly 
multi-disciplinary. They are: 

cluster 299 - senior hydrology technical officers 
cluster 576 - electro-mechanical engineering officers 
cluster 2 34 - electro-mechanical control system designers 
cluster 445 - structural designers and drafters 
cluster 471 - civil & structural analysis & design officers 
cluster 126 - senior structural analysis & design officers 
cluster 175 - electrical power generation supervisors 
cluster 183 - equipment monitors & maintainers. 

Table 7.4 indicates that the most common combination of areas is 
mechanical/manufacturing with electrical/electronic, this 
combination occurring for 14 clusters. The mechanical/ 
manufacturing with civil engineering/ surveying combination 
occurred for 11 clusters. The electrical/electronic with civil 
engineering/surveying occurred for 3 clusters. Only one cluster 
(cluster 299: senior hydrology technical officers) involved a 
significant combination of tasks in all three areas. 

Another feature is the fact that these clusters tend to be 
concentrated in just one of the four major clusters, this being 
the engineering systems and administration cluster. Of the 29 
multi-discipline clusters, 19 were located in the major cluster 
of engineering systems and administration. 

The existence of these clusters and the likely trend towards an 
increase in 'blurring' across discipline boundaries, (see 
Section 3.4), have important implications for the design of 
engineering technician and associate level courses. At present 
courses are generally structured within one major area. 
Students requiring skills in a combination of areas may be 
required to complete a couue in one area only and take 
additional subjects in another area. 

Two types of course could be designed to meet the needs of such 
students. one type would be a course that is specially designed 
to meet the needs of a particular multi-discipline cluster. 
Another type would be a course made up of curriculum modules 
from existing courses in two or more areas. The second type 
assumes that the existing 'one-discipline' courses already have 
a modular structure. 
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The second solution appears to be the most practical because it 
provides the maximum flexibility. A variety of multi-discipline 
clusters, as well as one-discipline clusters, could be catered 
for by different combinations of modules. 

Three types of curriculum module could be designed to meet these 
needs : 

common or core curriculum modules for those duties or areas 
that are common across a large number of clusters (see 
Section 7.2). Completion of these modules would be 
compulsory in any complete program; 

specialised curriculum modules designed for 

single-discipline clusters. Such modules could be 

elective, though some restrictions on which module 
combinations are allowed could be applied; 

specialised curriculum modules designed for 

multi-discipline clusters. 

Each student could choose the combination of modules to suit 
his/her vocational education needs. Programs for students 
undertaking multi-discipline work would comprise all three of 
the above types of curriculum module. 

Recommendation 7 

That educational programs designed for the engineering technical 
workforce be designed in a modular system to allow appropriate 
choice of modules for: 

mono-discipline^ or 
multi-discipline 

occupations. Such programs should comprise appropriate 

combinations of: 

common or core curriculim modules; 

specialised curriculum modulfis designed for single- 
discipline clusters; 

specialised curriculum modules designed for multi- 
discip? ine clusters. 
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Using a similar criterion of 'more than 6% contribution from the 
area of specialisation', the remaining 70 mono-discipline 
primary clusters may be placed into one of four categories as 
follows: 

M = over 6% contribution from the mechanical/manufacturing 
area ; 

E = over 6% contribution from the electrical/electronic 
area; 

C = over 6% contribution from the civil engineering/ 
surveying area; 

G = high general area contribution, with .\ess than 6% 
contribution in each of the three specialised areas. 

Applying this method of classification, the 70 mono-discipline 
clusters were distributed as follows: 



AREA 



NUMBER OF CLUSTERS 



Mechanical/manufacturing 
Electrical/electronic 
Civil eng. /surveying 
General 



16 
18 
25 
11 



TOTAL: 



70 



Using the variable of area of specialisation for the horizontal 
axis and the variable of average cluster level for the vertical 
axis, it is possible to place primary clusters in a two 

TABLE 7.5 CROSS TABULATION OF THE 99 PRIMARY CLUSTERS BY LEVEL 
AND MAIN AREA OF SPECIALISATION 



' MAIN Ai<hA(b) OK SPEClAl.ISA'i t^N 

LbVEI. I Generti' Kt,crjaiucai/ Klc-ct ri* j J / Civil atuf./ 

(fivuruiju cluster MaiiutdCturing Eicctiouj c Surveyir.'j Kfh fc*C MtC Mtfc) + C 

Ic-vcil) ' G M h C 1 

I ' 

{fx^so* .Jte 6 II tt n l\ J \K 1 « 



IHlur It'll 



1 



/i<M*AI. 



1 i 



It 



i 1 ] 
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dimensional space. However some of the multi-discipline 

clusters are difficult to place in a two-dimensional space as 
they cross more then • one boundary between engineering 
disciplines. A simple version of such a two-dimensional space 
is given in Figure 1.2 in Chapter 1. Table 7,5 shows the 99 
primary clusters cross-tabulated by area of specialisation and 
average cluster level. This table indicates that there is 
vertical blurring across all three areas of specialisation, 
though it is most frequent in the electrical/electronic area. 
Also there is horizontal blurring for all three cluster levels. 
Two primary clusters exhibited both horizontal and vertical 
blurring. 



7.5 FUTURE TRENDS 

A number of writers (see Chapter 3) have referred to one or both 
of the following trends in engineering occupations: 

. an increase in the degree of 'blurring', with more 
occupations requiring skills across two or more engineering 
disciplines ; 

. an increase in the numbers required in technician level 
occupations. 

Often is it argued that such changes are caused, at least 
partly, by technological changes in ^ndustry. 

This study has provided some evidence for: 

. the existence of 'blurred' occupational clusters within the 

engineering technical workforce; 
. the existence of technician level occupational clusters in 

all major disciplines of the engineering technical 

workforce. 

If these trends continue, the results of this study and similar 
studies will steadily become out-of-date and therefore less 
useful to TAFE and other education and training providers. 

To address this problem, it is suggested that a study or studies 
be undertaken of present and near future trends (that is, the 
period from 1986 to about 1991) , in engineering technical 
workforce occupations. The study could look at all engineering 
disciplines as in this study, or a number of separate studies 
could be undertaken of each major engineering discipline. These 



studies could employ Dephi methodology. They should use the 
results of this study as a starting point. 



In addition, a future major study around the year 1990 could be 
conducted of all engineering technical workforce occupations. 
The study should employ a methodology similar to the present 
study, and use the task inventory from the present study. Such 
a study would provide valuable comparisons with the results of 
the present study and thus indicate possible longer-term trends. 

RecGmmendation 8 

That a study undertaken of present and near future trends in 
engineering technical workforce occupations, using the results 
of the present study as a starting point. 

That, in addition, a future major study be undertaken of 
engineering technical workforce occupations around the year 
1990, th3 study using the task inventory from the present 
study. 
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APPENDIX A: FURTHER TABLES FROM THE LITERATURE 



ITEM PAGE 



A-1 Cross-tabulation of employees by engineering 153 
technical workforce occupation and by state/ 
Territory, from the 1981 census. 

A-2 Cross-tabulation of employers by engineering 154 
technical workforce occupation and by industry, 
from the 1981 census. 



TABLE A-1 CROSS-TABULATION OF EMPLOYJ JS BY ENGINEERING TECHNICAL WORKFORCE 
OCCUPATION AND BY STATE/TERRITORY, FROM THE 1981 CENSUS 



STATE D RAFTSM EN CIVIL ENG . ELEC TRl C AL/ MECHAN ICAL M I rUNG EHG . TO'i'AL i Of AL L 

7 tracers" TECHN. electronic T . eng. TECHN . ■rCCliN? TEOiN . NEC. ENG. TECHN . 

N.S.W. 11602 278B 6J64 1542 2tJ2 2J04 24882 J6.5 

VIC. 8430 2051 5081 1291 25 20J8 18921 27.8 

QLD. 4706 1171 1783 205 12b '>22 8515 12.5 

S.A. 2728 732 1370 469 49 622 5970 8.8 

W.A. 3872 bid ^96 167 113 402 6068 b.^J 

TAS. 807 191 309 53 36 170 1566 2.3 

A.C.T. 729 224 340 75 7 114 1489 2.2 

N.T. 337 98 175 17 12 41 680 1.0 



TOTAL: 33218 G:71 16118 3819 653 6213 68092 100.0 



SOURCE: AUSTRALIAN BUREAU OF STATISTICS (1983). 1981 CENSUS OF P OPULAT ION AND HOUSING. TABLE 74 . 

WOyK; 1. Each cell in this table has been slightly randomly adjusted by ABS to avoid the 
release of confidential data. Totals may be slightly more or less than the sua of 
their components. 

2. Component percentages nay total slightly more or less than 100 because of rounding of 
component percentages. 
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TABLE A~2 CROSS--TABUIATION OF EMPLOYEES BY ENGINEERING TECHNICAL WGRIOFORCE 
OCCUPATION AND BY INDUSTRY, FROM THE 1981 CENSUS 
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DRAFTSMliN 


CIVIL LNG. 


ELECTRICAL/ 


MECHANICAL 


MINING 


ENG. 




& OF ALL 






^ Ti^ACHIUS 


TEC UN . 


ELECTRONIC T. 


. ENG. TECIIN. 


TECtjN. 


Ti:CHN. NEC. 


TOTALS 


ENG. TECHN. 


A. 


Agriculture, forestry, fishing, 
nuii 1 1 iig 




n 


3 


3 


1 


8 


220 


0.3 


B • 


Mini nn 
mill iig 


oo4 


197 


39 


4 1 


465 


23 1 


18t>7 


2.7 


C • 


Mah ii f t" 11 r 1 no 


D J bU 




168 2 


1993 


58 


2876 


13206 


19.4 


D. 


Electricity, gas, water 


3670 


800 


2543 


158 




384 


7555 


11.1 




Con s t r uc t ion 


O Q vi 1 


1630 


241 


84 


7 


188 


5141 


7.6 


r • 


Wholesale or retail trdJe 
(including installation and 


oou 


/ 1 


344 


I 10 


i4 


278 


1477 


2 . 2 


G. 


Transport or storage 


688 


240 


808 


355 


3 


319 


2413 


3.5 




Commuinication 


1416 


172 


7963 


39 


- 


153 


9743 


14.0 


I . 


Pu&iic accountant, finance, 
property and business services 




2b 68 


201 


200 


36 


245 


14299 


21 . 0 


Ji. 


Puf lie administration 


J879 


1613 


378 


190 


17 


475 


6552 


9.6 


J Z , 


Defence 


461 


45 


bl 1 


313 


2 


4b6 


1898 


2.8 


K. 


Community services {including 
health, education and research 
ser V ices ) 


440 


271 


933 


284 


50 


462 


2440 


3.6 


r 

Li • 


Recreation, personal and other 
;*er vices (including sport and 
enter ta inmen t ) 


117 


23 


289 


7 


2 


44 


482 


0.7 


Ml . 


Non-classif lable 


369 


Si> 


b4 


36 




55 


579 


0.9 


M2. 


(ndustry not stated 




27 


27 


6 


3 


V> 


244 


U.4 




TOTAbS: 


33218 


807 I 


16118 


3819 


653 


6213 


68092 


lUU.O 



SOURCE: AUSTRALIAN BUREAU OF STATISTICS (1983). 1981 CENSUS OF POPULATION AND HOUSING. TABLE 74. 

NOTE ; 1. Each cell in this table has been slightly randomly adjusted by ABS to avoid the 
release of confidential data. Totals may be slightly more or less than the sum of 
their components. 

2. Component percentages nay total slightly more or less than 100 because of rounding of 
component percentages. 
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APPENDIX B: FURTHER TABLES Cy RESULTS 



ITEM PAGE 



TABLE 



B-1 Frequency cross-tabulation of job titles by 157 
fields of engineering for the sample 

B-2 Frequency cross-tabulation of all engineering 158 
educational attainments by type of course and 
type of attainment 

B-3 Frequency cross-tabulation of most recent 159 
engineering education attainment by type of 
course and type of attainment 

B-4 Frequency distribution of whole sample on 160 
highest education hierarchy 

B-5 Frequency cross-tabulations of the whole sample 161 
by industry category and field of engineering of 
the respondent 

B-6 Frequency distribution of highese education 162 
hierarchy for the four major clusters 

B-7 Algorithm for determination of average level of 163 
cluster 

B-8 Relative contribution of each area of 164 
specialisation for clusters within engineering 
systems and administration 

B-9 Relative contribution of c?ch area of 165 
specialisation for clusters within civil 
engineering and surveying 

B-10 Relative contribution of each area of 166 
specialisation for clusters within and near 
drafting and design 

B-11 Relative contribution of each area of 167 
specialisation for clusters within and near 
electrical and electronic engineering 



FIGURE 

B-1 Scatter plot of the primary clusters on education 168 
level and task level index 

B-2 Scatter plot of the primary clusters on education 168 
level and number of tasks 



155 ^Ci; 



TABLE B-1 FREQUENCY CROSS-TABDIATION OF JOB TITLES BY FIELDS OF ENGINEERING FOR THE SAMPLE 



FIELD OF LNGINEEkING 



Electronic er.«3 i neer ing 



Electrical engir.eering 



Mechanical engineering 



Production engineering 



Work study mechanical 
eng ineer i ng 



C u 

V4 U 



o 

c 
x: 
o 

H 



c : 

H4J ! 

uc I 

a; <o ! 

c </) I 

H H I 

c w 



O 

H 



9 


7 


(0) ; 

i 


(4%) 


20 


4 


(13%) j 


(3%) 


25 ; 


4 


(•2%) i 


(2%) 



4 

(2%) 
7 

(5%) 
7 

(3%) 



O 0) 



80 j 
(44%) ^ 

53 i 
(34%) I 

40 
(20%) 



1 

(4%) 
0 

(0%) 



(4%) 
0 

{01) 



(4%)i (17%) 



0 

(0%) 



0 

(C%) 1 



1 

(1%) 
4 

(3%) 
9 

(4%) 
1 

(4%) 
0 

(0%), 



u 

'0 



<0 

u 
6- 



o 



1 

(i%) 



'O 



0) 



(i*) 



3 1« 
(2%) j(l2%) 



5 

(2%) 
0 

(0%) 
0 

(0%) 



50 
(25%) 

0 

(0%) 
0 

(0%) 



x: 



U 



7 

(4%) 
4 

2 

(1%) 
0 

(C%) 
0 

(0%), 



c 
x: 
o 

H 



45 
; (2S%; 

i 

I (3%) 
4 

(2%) 
2 

(9%) 
0 

(0%) 



o 



1 

(i%) 

2 

(1%) 
il 

(5%) 
1 

(4%) 
0 

(0%) 





i o 


I 






u 










Q 


1 








H 


CO 


o 1 






> 


i !/» 


^ 1 








i iJ 












n ! 




fC 


a 


1 0 


? 1 


SZ 






u 






0 




I 




o 





ERIC 



Structural engineering j 


2 i 
(3%) ; 


1 ' 
(U) 1 


5 

(6%) 


2 ! 

(3%) 1 


16 } 
(21%) 

) 


5 

(6%) 


27 

(3516J 


0 

(0%) 


0 

(0%) 


0 

(0%) 


3 

(10%) 


7 

(9%) 


4 

(5%) , 

: 


77 
(100%) 


Materials testing 


0 

(0%) j 


2 i 

(6%) 1 


0 

(0%) 1 

i 


16 j 
(50%) 


I 

0 i 
(0%) j 


0 

(0%) 


0 

(0%) 


0 

(0%) 


6 

(6%) 


0 

(0%) 


4 

(4%) 


0 

(0%) 


t 

4 

(12%) 


32 
(100%) 


Civil et . 'eer inf4 


(0%) 1 


4 52 
(2%) 1(19%) 


64 
(24%) 


14 i 
(S%) j 


6 

(2%) 


62 
(23%) 


3 

(1%) 


12 
(5%) 


2 

(1%) 


25 
(9%) 


12 
(S%) 


9 

(3%) 


265 
(100%) 


Hydraulogy 


0 

(0%) ' 


3 j 
(20%) ' 


0 

(0%) 


10 
(67%) 


i 

0 1 

(0%) 5 


0 

(0%) 


0 

(0%) 


0 

(0%) 


0 

(0%) 


0 

(0%) 


0 

(0%) 


1 

(7%) 


1 

(7%; 


15 
(100%) 


Surveying 


(0%) 


,1 i 

(U) j 


7 

(9%) 


26 
(32%) 


10 \ 
(12%) 1 


5 

(6%) 


3 

(4%) 


2 

(2%) 


6 

(7%) 


1 

(1%) 


5 

(6%) 


I 

(1%) 


15 
(18%) 


82 
(100%) 


Mining engineering 


0 1 
(0%) ' 


1 t 

(10%) j 


0%) . 


0 

(0%) 


i 

0 i 
(0%) 1 


0 

(0%) 


4 

(40%) 


0 

(0%) 


0 

(0%) 


1 

(10%) 


1 

(10%) 


0 

(0%) 


2 

(20%) 


IC 
(100%) 


Automotive engineering 


14 
(47%) 


0 i 

(0%) 


0 

(0%) 


4 

(13%) 


2 ! 
(7%) \ 


0 

(0%) 


0 

(0%) 


0 

(0%) 


2 

(7%) 


2 

(7%) 


3 

(10%) 


1 

(3%) 


2 

(7%) 


30 
(100%) 


Marine engineering 


0 

(0%) 


0 

(0%) 


0 

(0%) ; 


2 

(22%) 


i 

0 ( 1 
(0%) j(ll%) 


1 

(11%) 


0 

(0%) 


1 

(11%) 


1 

(11%) 


2 

(22%) 


1 

(11%) 


0 

(0%) 


9 

(100%) 


Aeronautical engineering 


3 

(14%) 


2 

(190%) 


0 

(0%) 


7 

(33%) 


0 

(0%) 


0 

(0%) 


0 

(0%) 


0 

(0%) 


0 

(0%) 


0 

(0*) 


3 

(14%) 


0 

(0%) 


6 

(29%) 


21 
(100%) 


Whole sample 


82 
(V%) 


3b 
( J%) 


87 
(7%) 


334 
(27%) 


61 
(5%) 


29 
(2%) 


175 
(14%) 


18 
(1%) 


88 
(7%) 


27 
(2%) 


112 
(9%) 


48 
(4%) 


118 
(10%) 


1217 
(100%) 



13 
(7%) 

18 

(11%) 

16 
(8%) 

4 

(.^7%) 
0 

(0%) 



0 

(0%) 



(3%) 

10 
(5%) 

3 

(13%) 
1 

(50%) 



12 

12 ' 
(8%)< 

21 ; 

(10%) I 

5 ! 
(22^,) 



! (50%) 



162 
(100%; 

155 
(i00%) 

204 
(100%) 

23 
(100%) 

2 

(100%) 



NOTES : 1. There were 1217 non-blank responses and 13 blank responses to Question 4. 
2. The percentages shown are roj/ percentages. 
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TABLE B-2 FREQUENCY CROSS-TABUIATION OF ALL ENGINEERING 
EDUCATIONAL ATTAINMENTS BY TYPE OF COURSE AND 
TYPE OF ATTAINMENT 





TYPE OF ATTAINMENT 




TYPE OF COURSE 


Currently 
In 

progress 


Commenced 

but not 
continued 


Completed 


TOTAL 


trade technical or technician 
course at technical co^ lege 


15 


14 


322 


351 
(19%) 


post-trade course at 
techanlcal college 


13 


24 


98 


135 
(7%) 


certificate course at 
technical college 


133 


52 


469 


654 
(35%) 


post or higher certificate 
course at technical college 


6 


15 


58 


79 
(4%) 


associate diploma course 
technical college 


11 


13 


37 


61% 
(3%) 


certificate course at 
college of advanced educ. 


39 


8 


100 


147 
(8%) 


associate diploma course at 
college of advanced educ. 
or Institute of technology 


45 


22 


67 


134 
(7%) 


degree or diploma course at 
college of advanced educ. or 
Institute of technology 


32 


59 


37 


128 
(7%) 


degree course at university 


9 


32 


20 

j 


61 
(3%) 


Other course 


iu 


5 


US 


98 


TOTAL: 


313 
(17%) 

» 


244 
(13%) 

! 


1 

1291 1 
(70%) 1 


(100%) 



As multiple responses were allowed n - 1848 Is larger than the sample 
size of 1230 

Of the 1230 respondents, 55 gave no response, 500 gave one response, 
354 ijave two responses, and 160 gave three or more responses to Question 
9 on engineering educational attainments. 



MQISS: 1. 

2. 
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TABLE B-3 



FREQUENCY CROSS-TABDIATION OF MOST RECENT 
ENGINEERING EDUCATION ATTAINMENT BY TYPE 
OF COURSE AND TYPE OF ATTAINMENT 





TYPE 


OF ATTAIN'KEKT 




TYPE OF COURSE 


Currently 
in 

progress 


Commenced 

but not 
continued 


Completed 


TOTAL 


trade technical or techni- 
cian course at tb::hnicirA 
college 


10 


9 


71 


90 
(8%) 


post-trade course at 
technical college 


7 


14 


38 


59 
(5%) 


certificate course at 
technical college 


89 


36 


340 


465 
(43%) 


post or higher certificate 
course at technical college 


4 


7 


43 


54 
(5%) 


associate diploma course 
technical college 


8 


8 


29 


45 
(4%) 


certificate course at 
college of advanced educ. 


26 




78 


109 
(10%) 


associate diploma course 
at college of advanced 
educ. or institute of 
technology 


28 


14 


53 


(8%) 


degree or diploma course 
at college of advanced 
educ. or institute of 
technology 


14 


27 


1 

27 


< 68 
(6%) 


degree course at 
university 


7 


8 


11 


26 
(2%) 


other course 


5 


3 


54 


62 
(6%) 


TOTAL; 


198 
(181) 


131 
(12%) 


744 
(69%) 


1073 
(100%) 



MSIgS: 1. Responses were counted if both the attainment and the last year of study 
were indicated. 

2. Of the sample of 1230 respondents, 157 left either the attainment or the 
last year of study (or both) blank. There wer'j 1073 complete responses. 



TABLE B-4 FREQUENCY DISTRIBUTION OF WHOLE SAMPLE ON 
HIGHEST EDUCATION HIERARCHY 





NEW 




OLD 






HIERARCHICAL 




CODES 




'HIGHEST EDUCATION' HIERARCHY 


CODE 


(Question 9) 


FREQUENCY 


part "other" 
(currently in progress) 


A 




28 


1 


part "other" 

(coiranenced but not continued) 


B 




29 


1 


complete "other 


C 




30 


34 


part trade 

(currently in progress) 


D 




01 


6 


part trade 

(coitonenced but not continued) 


E 




02 


7 


complete trade 


F 




03 


56 


part post-t^ade 
(currently m progress) 


G 




04 


7 


part post-trade 

(commenced but not continued) 


H 




05 


11 


complete pest-trade 


I 




06 


36 


part certificate/associate 
aiploma 

(currently in progress) 


J 


07 


13 16 19 


179 


part certificate/associate 
aiploma 

(commenced but not continued) 


K 


08 


14 17 20 


67 


cpmplete certif icate/associat 
diploma 


L 


09 


15 18 21 


517 


part post/higher certificate 
(currently in progress) 


M 




10 


6 


part post/higher certificate 
(commenced but not continued) 


N 




11 


13 


complete post/higher 
certificate 


0 




12 


48 


part degree/diploma 
(currently m progress) 


P 




22 25 


39 


part deqree/diploma 
(commenced but not continued) 


Q 




^ J ^ o 


90 


complete degree/diploma 


K 




24 27 


57 


lower than complete ce>-tifi 
cate (h to 


y 






*t\JD 


cpmplete certificate or 
higher (L to R) 


Y 






770 


TOTAL: 








1175 



EOT?: Of the sample of 1230 respondents there were 55 blanJc and 1175 non-blank responses 
to Question 9 on engineering educational attainments. 
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TABLE B'5 



ERIC 



FREQUENCY CROSS-TABULATION OP THE WHOLE SAMPLE BY 
ENGINEERING OF THE RESPONDEIT? 



INDUSTRY CATEGORY AND FIELD OP 



FIELD OF ENGINEERING 
Electronic engineering 

Electrical engineering 

Mechanical engineering 

Production engineering 

Work study mechanical 
eng ineer ing 

Structural engineerino 
Materials testing 
Civil engineering 
Hydraulogy 
Surveying 

Mining engineering 
Automotive engineering 
Marine engineering 
Aeronautical engineering 



Whole sample 



1 

1 

i 




! 




1 ^ 




c 


•> 


! 0 








i u 




U 


4-» U 






:3 


H CJ 


1 w >, * 




i-» 


O ♦J 


1 ^ ^ 0^0^ 




u 


H (TJ 


j 3 ♦J C C 




u 


X. ^ 


0 VJ H .H 


c 






1 H 0-C *J 


H 




0 * 


\ uutji c 


c 




O (P 




H 


f« 




, 


z 


Z 


W CP 


' 0 




4 


20 


! (0%) 


j (3%) 


(2%) 


(11%) 


0 


1 4 


' 16 


64 


(C*) 


. (3%) 


(10%) 


' (41%) 



o 

u 
3 



o 



V4 ^ 

O r) 
♦J 

(TJ 

U) — • 
O 4J 



O 

b (i. 
a. D« 

<TJ O 



d 
u 



o U (/) 

Jo ;l <j 
'J c: 

if, O 

f« > 
13 C 

:3 H c 



8 

(4%) 
2 

(9%) 
0 

(0%) 
1 

(1%) 
0 

(0%) 
2 

(U) 
0 

(0%) 
0 

(0%) 
0 

(0%) 
2 

(7%) 

: 0 

I (0%) 

\ 0 
i (0%) 



19 



7 : 45 ■ 32 . 17 
(4%)j (23%) i (16%) , (9%) 

2 • 10 I 2 1 0 
(9%)' (43%) I (9%) ' (0%) 



0 

(0%) 

0 • 
(0%); 



0 

(0%) 
4 

(S%) 



0 ' 0 

10%)| (0%) 

i 

2 ; 0 

(i%): (0%) 



0 

(0%) 



0 

(0%) 



6 ; 0 

ill) (0%) 



8 

1(80%) 
2 

(7%) 
0 

(0%) 
0 

(0%) 



22 
(2%) 



38 
(3%) 



0 

(0%) 



(27%) 
i 

(11%) 
0 

(0%) 



(0%) ' (50%) 

0 37 

(0%) (48%) 

4 ' 17 

(13%) 1(53%) 

34 i 80 

(12%) i(30%) 



19 

(10%) 
5 

(3%) 
6 

(3%) 



9 ; 03 



12 

(8%; 

8 

(4%) 



6 
3 

(2%) 



5 

(33%) 



0 

(0%) 



10 18 
(12%) (22%) 



1 

|(10%) 
2 

(7%) 
1 

(11%) 

; 0 

(0%) 



90 
(8%) 



197 
(16%) 



0 

(0%) 
0 

(0%) 
0 

(0%) 
0 

(0%) 



(0%) , 


(4%) 


■ (4%) 


(0%) 


1 

° i 

(0%) 


0 

(0%) 


. 0 
' (0%) 


0 

(0%) 


1 

(1%) 


(2%) 


2 

(3%) 


0 

(0%) 


0 

(0%) 


2 

(6%) 


0 

i (0%) 


0 

(0%) 


0 

(0%) 


11 
(^%) 


' 0 
i (0%) 


0 

(0%) 


0 

(0%) 


(0%) 


1 0 

1 (0*) 


0 

(0%) 



0 

(0%) 
0 

m) 

0 

(0%) 



c 

o 



U H 
H C 



0 

(0%) 
0 

(0%) 
2 

(7%) 
0 

(0%) 
1 

(5%) 



203 
(17%) 



37 

(3%) 



1 

(UJ 
0 

(0*) 
2 

(7%) 
0 

(0%) 
7 

(33%) 



I 0 ! 1 
, (0*; ;(i%) 



(5%) 



0 

(0%) 
0 

(0%) 
0 

(0%) 
0 

(0%) 



0 

(0%) 
0 

(0%) 
0 

(0%) 
0 

(0%) 



2 

(1%) 
2 

(1%) 
2 

(1%) 
0 

(0%) 
0 

(0%) 
1 

(1%) 
0 

(0%) 

32 
(12%) 

0 

(0%) 
7 

(9%) 
0 

(0%) 
1 

(3%) 
1 

(11%) 
2 

(10%) 



u 
c 
o 

a; 
a 



73 

(6%) (0%) 



37 
(20%) 

5 

(3%) 
19 

(10%) 
3 

(13%) 
1 

(S0%) 

2 

(3%) 
1 

(3%) 
0 

(0%) 
0 

(0%) 
0 

m) 

0 

(0%) 
3 

(10%) 
2 

(22%) 



(24%) 



iSi ^ 
on Ui 

u oc> 
(/) <j 

CT» 
+J HOC 

c :uju 

:3rHiTJ(TJ 

o ^<y 



TJ 

f. 0) 

aj o u t: 

U5 H 
-U) (TJ 

c y>4J 

H a> H i) 

(tj+j:3 c 
<yo^ o 

OTJ C 'O 

o; flj'^ (TJ 



54 
(4%) 



(4%) 
1 

(1%), 
6 

(3%) 
0 

(0%) 
0 

(0%) 
2 

(3%) 
1 

(3%) 

18 
(7%) 

4 

(27%) 
2 

(2%) 
0 

(0%) 
2 

(7%) 
0 

(0%) 
1 

(5%) 



88 
(7%) 



51 

(4%) 



1 

(1%) 
0 

(0%) 
0 

(0%) 
0 

(0%) 
0 

(0%) 

0 

(0%) 
0 

(0%) 



(o%) 

0 

(0%) 
0 

(0%) 
0 

(0%) 
0 

(0%) 
0 

(0%) 
0 

(0%) 



u O 
J— c 

Ot: V..: 

OH > 

c oo 



'J H 

CO 



1 

(1%) 

12 
(8%) 

22 

(i:%) 

0 

((•%) 
0 

(0%) 

2 i 
(30%) 



(9%) 
3 

(14%i 



O a. 

•4^ ^ 



21 

(11%) 
iO 

(6%) 
25 

(13%) 
2 

(9%) ' 
0 

(0%) 



(3%) ' 
4 

(13%i 
47 

(18%) : 



2 

(0%) 



1 

(10%) 
0 

(0%) 

1 

(11%) 

0 

_(0%) 

115 
(9%) 



0 j 6 

j (0%) I (40%) 

6 ! 30 

(7%; i (j?%) 



0 

(0%) 
6 

(2U%) 
3 

(33%) 
5 

(24%) 

J80 
a5%) 



o 

JZ 



184 
(l*j%) 

156 
(13%) 

200 
(16%) 

23 
(2%) 

2 

(0%) 

11 
(b%) 

32 
(3%) 

264 
(*.2%) 

15 
(1%) 

81 
(7%) 

10 
(1%) 

30 
(2%) 

9 

(1%) 

21 
(2% ) 

1216 
(100%) 



yoygs 1. For the sample of 1230 respondents, there were 1216 no 
blank responses to Question 13. 
2. The percentages shown on jiow percentages. 



blank responses and 14 
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TABLE B-6 FREQUENCY DISTRIBDTIOM OF HIGHEST EDUCATION HIERARCHY 
FOR THE FOUR MAJOR CUUSTERS 



^hlGKLSLT EDICATION' HIERARCHY 



part "other" 
(curientii in progress) 

part "other" 

(commenced but not continued) 
complete "other" 



part trade 

(currently in progress) 
part trade 

(conts'.enced but not continued) 
corKfiete trade 



part post-trade 
(Currently in f^rogress) 

part post-trade 

(commenced but -iot continued) 

corr,plete post -trade 



part certificate/associate 
d iplonia 

(currently in progress) 

part certificate/associate 
diploir.a 

(cojrnienced but nut continued) 

complete certificate/associate 
diplcma 

part post/higher certilicate 
(currently m progress) 

part post/higher cert if cate 
(con:r.enced but not cont.nued) 

complete post/higher 
certif icate 

part decree /diploma 
(currently in progress) 

pert degree/diploma 
(commenced but not continued) 

complete dec ree/d iploma 



lower than complete certific- 
ate (A to K), 

complete certificate or higher 
(L to R), 



NEW 

HIERARCHICAI 
CODE 



MAJOP CLUSTER 



TOTAL: 



413 
(160%) 



74 


82 


68 


34 


noer ing 


Civil 


draft ing 


electr ical 


ems and 


engineer ing 


and 


and electronic 


1 1 ctrat 1 ve 


anJ survey ing 


design 


enc 1 neer ing 


0 


0 


0 


1 


0% 


0% 


0% 


.60% 


0 


1 


0 


c 


0% 


.3% 


0% 


0% 


19 


6 


0 


7 


4.6% 


2.0% 


0% 


3.8% 


1 


0 


0 


2 


.2C% 


0% 


0% 


1.10% 


1 


2 


0 


2 


.201 


.70% 


0% 


1.10% 


29 


1 


3 


11 


7.0% 


.30% 


2.50% 


6.00'^ 


1 






2 


.20% 


0% 


0% 


1.10% 


4 


0 


2 


3 


l.C% 


0% 


1.70% 


1.60% 


20 


I 


1 


6 


4 . 80% 


0% 


.80% 


3.30% 


38 


32 


22 


44 


9. 20% 


10. 50% 


18 . 20% 


24 . 00% 


21 


16 


8 


14 


5.10% 


5.20% 


6.60% 


7.70% 


172 


163 


67 


61 


i.7C% 


53.3C% 


55.40% 


33.30% 


I 


2 


2 


1 


.20% 


.70% 


1.70% 


.60% 


7 


3 


2 


1 


1.70% 


1.0% 


1.70% 


.60% 


28 


5 


2 


10 


6.60% 


1.60% 


1.70% 


5.50% 


14 


18 


4 


2 


3. 40% 


5.90% ' 

■ 


3.30% 


1.10% 


25 


38 


8 


14 


6.1C% 


12.40% 


6 . 60% 


7. 70% 


32 


1 9 


0 


2 


7. 80% 


6.20% I 


0% 


1.10% 


134 


1 

56 1 


i 

36 1 


92 


(32%) 


(19%)^ I 


(30%; 1 


1S0%> 




24S 1 


85 


91 


(68%: 


(81%; ; 


(70%) j 


(50%, 



306 
(100%) 



(100%) 



U3 
(1CC%; 



NOTE: For cluster 74 there were 2: blank responses, for cluster 82 there were 12 blank responses, for 

cluster 68 there were 2 blank responses, and for cluster 34 there were 5 blank responses to 
Question 9 on education. 
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TABLE B-7 ALGORITHM FOR DETERKENATIOH OF AVERAGE LEVEL 
OF OLDSTER 





VARIABLE 






Highest 
j education 

i 

1 — . 


Task level 
index 


Number of 
tasks 


AVERAGE 
LEVEL CF 
CLUSTER 


jhigh 

1 


high 


high 


associate 


ihigh 

i 


high 


low 


associate 


!high 

1 


low 


high 


associate 


high 


low 


low 


blurred 


low 


high 


high 


blurred 


low 


high 


low 


technician 


low 


low 


high 


technician 


low 


lew 


low J 


technician 



NOTES: 



For highest education, high indicates over 50% 
of cluster have completed a certificate course 
in engineering or higher qualifications. Low 
indicates 50% or less . 



For task level index, high indicates an average 
task level index for the cluster of over 59. Low 
indicates 59 or less . 

For number of tasks, high indicates an average 
number of tasks performed by the cluster of 
over 50 . Low indicates 50 or less . 
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TABLE B-8 RELATIVE CONTRIBUTION OP EACH AREA OF SPECIALISATION 

FOR CLDSTERS WITHIN ENGINEERING SYSTEMS AND ADMINISTRATION 









PERCENTAGE CONTRIBUTION TO 


JOB OF EACH 












AREA OF SPECIALISATION 












I 


^iechan ica 1/ 


Electr ical/ 


Civi 


. Lng. 






Gene 


ral I 


T.anufactur ing 


electron ic 


/Sur vey ir.g 






C 




M 


E 




C 


c JU 


I.NG 1 NF.r,K I NG OFl" l^^b ADM I 1 b 1 .\A i ION & 


















r> D JV t"T I \ 

UKAr I I r»G 


Q 1 
0 1 . 


H 


8 . 8 


4. 


9 


A 

4 


4 

. 4 


^ i Z 




Bj. 


4 


6 . 0 


7. 


8 


Z 


. 0 


1 / J 


i'KUUOUllUN LwN 1 KvjL 


55. 


0 


16,6 


26, 


0 


9 


A 
> 4 


i .5 / 




64. 


6 


2 . 0 


30. 


7 




» 1 


0 Q 

Z O 7 


LbliMAilUi^ or yUnLlii CUf^ 1 KUL 


85.8 


6_._6 


4. 


5 


J 


1 

• X 


Z D D 




77. 


3 


* i . 4 


5. 


4 




Q 
. 7 


*l X 7 


OGtNlOK LuoiNLLKilSib bUrLKViblON 


85. 


c 


C A 

b . 4 


4. 


5 


■J 


C. 


i -i O 


r'tA 1 JbKi At.b ILbXLKb 


83. 




Q A 

y . 4 


4. 


3 


3 




<. o ? 




61.4 


Z 4 . J 


10. 


7 


-> 
J 


• 0 


ft 7 




86. 


0 


Q A 

0 . 4_ 


4. 


8 


A 


• 0 


***** 


t«b 1 IMA 1 (J Kb 


85. 


6 


A C 
4 . 0 


4. 


4 


c 


. 4 


J X A. 


y\yAAjiii CUNlKULLLKb 


86. 


7 


0 T 
0 . Z 


4. 


7 


u 


A 
» 4 


J 7 J 


nPCTflpv' f> D J\ PT C DC 

Ut.b*\jr4 UKArlLKb 


79. 


4 


i 1 • D 


3. 


7 




-> 
. J 


A ^ 

4 3 J 


Pfc*/^T\TPPC»TM/^ CRPPTV • ILilATVTL"*'*^^!* 


















bor LKV i dUKb 


85. 


2 


6 . 8 


s . 


0 


■5 


;! 

. V 


i4 T *> 


MiLKU Ci-LClKUNiC »'.D*vj-iSwC.KA^vj bOPLKVlsORb 


74. 


5 


2 . 8 


22. 


3 


0 


^ 3 


J ** / 


ATUPD I • 'P T »PP D T Mr" t^fT JPOX^TC/^DC 


88. 


7 




4. 


3 


n 




1 "7 0 
i. / Z 


T \ C D Pr*'"^ DC 

I Nb r *.«^r(^ 


80. 


0 


Q 4 

? . 4 


4. 


9 


c 


. z 




t»LC.CiKiCAL bUrrLx CON I KvLLLKb 


48. 


3 


Q /I 
0.4 


42. 


2 


1 


1 


J / 1 


r.NG Nt.c.2\lM(j C>biiMAiUKb 


83. 


7 




7. 


6 


c 


Q 
. 7 




MCtL^M Ari i\. AL 9 UirlLK L/Lb lUN UK/vt 1 L Kb 


78. 




12.0 


3. 


5 


c 


1 

. X 


V X O 


xJlIlCtK uc>o iUN UKAr ic»Ka 


82. 


i 


10.6 


3. 


0 


4 


• 4 


i 7 =i 
*f J ^ 




63. 


0 


■3 n 
J . U 


33. 


6 


n 
'J 


. 4 


^ O ? 


Electrical Contrdcts Supervisors 


6G. 


3 


3 . 8 


29. 


8 


w 


9 
. Z 




Electrical Lquiprcent Drsttecs 


63. 


"J 


2 . 8 


32. 


2 


X. 


. J 


9 d P 


Planners o£ new electricity supply 


69. 


1 


Q 

. 7 


23. 


2 


c. 
0 


. 3 


c 1 
^ «. i. 


Building services estixatocs 


36. 


2 


D . J 


5. 


9 


9 


. 0 


5 > 4 


wOr»s t r uc t ion Contriict Estiiri^tors 


S6. 


9 


D . 7 


1. 


7 






1 / i 


L.cctcical £n9ineecin9 E.st iTtcitoc s 


77. 


4 


2 . 2 


13. 


6 




. 8 


A j1 n 

O *t u 


C 1 V 1 . bn9 ineerln9 Esti tna toc s 


9C. 


C 


"3 C 
J . ^ 


1. 


5 




To" 


■1 4 7 


^ «. L ion bice ou^erVbSuro 


90. 


6 


D . / 


3. 


6 


0 




d A J 
n *J 4 


Cudi-ity Control Specialist 


93. 


6 


A Q 
4 • 0 




9 


0 


. 7 


4^7 

4 J / 


^uaii^y a A^^^Li ipiTien c Mon i col s 


86. 


C 


Q 1 
7.x 


4. 


5 


0 


^ 4 


J U D 


BUIJLCtlii^ S^LViUCO Ucai^tiVLb 


77. 


9 


11 Q 

i i . 7 


6. 


7 






4 4 8 


v^un d c L uc w lun ut;o4^ii uraicers 


80. 


7 


Q 9 

7 . ^ 


4. 


2 




. 8 


664 




72. 


3 


1 fi 9 


4. 


5 


5 




V 1 O 




85. 


5 


7 Q 
/ • 7 


3. 


4 




rr 


6 57 




76. 


5 


X J . u 


2. 


3 


5 


. 2 


299 


o^n luc n^uLuxu^y ic^iini^ai v^lli^clo 


64. 


X 


0 • ^ 


10. 


6 


iT" 


79* 


469 


/^ii»i1/Q^fiii^^iiri*1 pM^iMooriM^ Ciir". of"i»icrtf"C 


87. 


1 


4 . J 


1. 


7 


5 


. 6 






















oupeiv isoro 


82. 


3 


in li 
iU . 0 


3. 


4 


3 


• 6 


7J^ Q 


ueneLai c«n^ineerin^ au^er/i5or5 


91. 


0 


A C 


2. 


2 


9 


1 

. X 


"5 

0 D Z 


Eri9irieerin9 Sur vey/Mapp ing Supervisors 


87. 




9 yl 
Z • 4 


1. 


2 


Q 
7 


A 

. 4 


V V 7 


electronic £n9ineerin9 Supervisors 


82. 


3 


A Q 
0 • 7 




9 


n 


Q 
. 7 




Cuality Supervisors 


36. 


9 


in 

i U • 3 


"o^ 


7 


1 
1 


Q 
. 7 


y 7^ 


ri ic r oe .i.?c c r on 1 c itfunniuian c^u^c 4. v i^ur o 


78. 


9 


Z . 0 


18. 


C 




£ 
. 0 


340 


Vwut^UvtSL lilt Ian OUpt; L V 1 L 0 


67. 


9 


u . 0 


31. 


4 


0 


.0 


T =i 7 


Iraoe Supervisors 


_91^ 


7 


J . b 


4. 


X 


0 


.4 


4 •3 1. 


Senior Safety 0Cficer3 






1 D • Z 


5. 


0 


0 


.3 


4 V Z 


Survey Eii9ineerir9 Supsrviscts 


83. 


1 


5 . 8 


0. 


2 


X ' 


^9 


9 7 7 


Senior Production & En^ine^^ ..hq Quality 


















Con trolxers 


82. 


5 


in -1 
1 u • 4 


0. 


9 


6 


.2 


O J Z 


Materials Test Technicians/ Of ficers 


85. 


7 


7.0 


0. 


1 


4 


.6 


70 1 


Mace rials Test Officers 


83. 


1 


/ . 0 


1. 


7 


2 


. 5 


^47 


\jv ti€ Lui lesc iecnnicitjns/wLLic^ro 


84. 


4 


~) 9 

/ . z 


8. 


4 


0 


.0 


* A9 


c€ inopeccuLo/ lescero 


84. 


0 


0 

J • 0 


5. 


4 


6 


.8 


9 1^ 
^ J 4^ 


xno|>'e^wUL a/ i\6^ur u ^ t b 


78.4 


19 7 
1 Z • / 


4. 


6 




A ^ 


ua L I. a^ii i u ourvcjf au^ervi3oro 


60. 


5 


. 0 « 0 


3. 


7 


9 


.3 


9fi 


benjLor ttieccric bu^pi^ L.onc c<^ i i.er s 


56. 


7 


6 . 7 


34, 


9 


1 


.7 


^ 4 O 


wiGcciic ouppi^ concroiicro 


34. 


4 


Q Q 
7.7 


54. 


7 


0 


.9 


S 7fi 


E Ilc t rO'xechan icax Engineer 1 ng Officers 


59. 


7 


21.2 


15. 


8 


3 


.3 


4 y .> 


Mechanical En9lneerin9 Officers 


68. 


3 


26.8 


3. 


4 




.4 


Z J 4 


£ lec t ro^'Mech an ica 1 Control Systenn Designer 


E 62. 


2 


21.2 


a. 


8 


4 


.8 


267 


Equipment Evaluation Officers 


94. 


i. 


1.8 


3. 


5 


0 


. 5 


259 


Production Engineering Officers 




6.2 


9. 


6 


0 


.4 


190 


Work Study Officers 


83. 


3 


nrr 




«. 


.4 


23S 


Aeronautical engineering technicians 


01. 


8 


17.8 


0. 


5 


0 


.0 



1. Cluster titles in capital letters are intermediate clusters. Cluster titles m lower 
ca^e letters are primary clu:>ters. 

2. Percentages of over 6% In each of the three specialised areas M, E, and C are 
underlined. if none of the three specialised areas contribute over 6%, the general area 
percentage contr ibut ior« is underlined. 

3. Th« main area(s) of specialistion for each clusher, indicated by the underl;ned 
percentage values, are shown in Tables C.i, 6.S, 6.6 and 6.7. 
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TABLE B-9 RELATIVE CONTRIBUTION OF EACH AREA OF SPECIALISATION 
FOR CLUSTERS WITHIN CIVIL ENGINEEKENG AND SURVEYING 









PERCENTAGE CONTRIBUTION TO JOB OF EACH 










AREA OF SPECIALISATION 








Gene ral 


yiecran ica^/ 


Electr ical/ 


Civil Eng 


CLUSTEH 








manuCactur ing 


e lec t ron ic 


/s u r vey i ng 


NU^:EER 


TITLE OF CLUSTER 


Q 




M 


E 


C 


197 


CIVIL ENGINEERING 


59 . 


2 


z , y 


1 0 
L , C 


36.8 


407 


ENGINEERING ASSOCIATE SURVEY DRAFTING 


53 . 


9 


i . 0 


n c 

U . 3 


44.0 


429 


CIVIL ENGINEERING SUPERVISION 


66 . 


8 


J • c 




25.6 


196 


CARTOGRAPHIC & SURVEY ANALYSIS 


58 . 


9 


\j * c 




37.9 


128 


ENGINEERING TECHNICIAN SURVEY DRAFTERS 


52. 


3 


O 1 


n 1 


46.9 


198 


STRUCTURAL ENGINEERING DESIGN AND DRAFTING 


60 . 


7 


i J . ^ 


fi 7 


25.1 


619 


CIVIL DESIGN AND CRAFTING 


50 . 


4 


1 Q 

^ • 7 


n 0 

U . 4b 


47.5 


560 


CIVIL ENGINEERING OFFICE SUPERVISION 


62 . 


3 


A "i. 


"X P 
J . o 


29.6 


339 


CIVIL ENGINEERING SITE SUPERVISION 


7 3 . 


5 


7 

o . / 


0 . 2 


19.^ 


249 


CARTOGRAPHY 


61. 


0 


C . 2 




37.4 


635 


Senior £nrir.eerin9 Survey Drafters 


59 . 


3 


3 . 2 




35.6 


663 


Civil Design and I^rafting Officers 


50 . 


8 


A . <> 




47.2 


743 


Water Storage/Drainage Design & Dirafting 














Officers 


47. 


8 




li n 


50.2 


612 


Civil Design & D''afting Supervisors 


58 . 


8 


1 7 

oi 


0 . 6 


38.9 


605 


Z rvey Officers 


56 . 


9 


U.J 


0 . 9 


41.9 


674 


Civil Engineering Office Supervisors 


57 . 


1 




«^ 7 


32.6 


693 


Senior Civil Engineering Office 














Super V isor s 


69 . 


0 


4.0 




25.1 


763 


Civil Engineering Site Supervisors 


75 . 


0 


D.J 


u . 1 


IS. 7 


704 


Civil Engineering Site Officers 


71. 


6 


/ . 


U . 0 


20.6 


52*5 


Kydrclogical Analysis Officers 


68. 


9 


1 . D 


7 1 


27.3 


367 


Civil Engineering Officers 


70. 




4.6 


0.7 


24.3 


568 


Cartographic Survey Drafting Officers 


57. 


7 


n n 




4i.5 


676 


Cartographic Computation Officers 


64. 


3 


0.5 


2.4 


32.9 


246 


Survey Computation Officers 


54, 


3 


0.0 


6.7 


39.1 


445 


Structural Designers and Drafters 


64. 


7 


13.0 


0.4 


21.9 


471 


Civil & Structural Designers & Drafters 


46. 


4 


10.3 


0.0 


42.8 


261 


Engineering Survey Assistants 


69. 


1 


4.3 


1.4 


25.3 


194 


Survey Assistants 
Road Survey Drafters 


39. 


8 


0.1 


0.1 


ToTU 


488 


63, 


2 


0.0 


0.5 


36.3 


606 


Survey Computation & Drafting Technicians 


58, 


0 


0.0 


0.0 


42.0 


338 


Engineering Survey Drafters 


46. 


4 


0.7 


0.0 


53.0 



* NOTES: 1. Cluster titles in capital letters are intermediate clusters. Cluster titles m lower 
case letters are primary clusters. 

2. Percentages of over 6% in each of the three specialised areas M, b, and C are 
underlined. If none of the three specialised areas contribute over 6%, the general area 
percentage contribution is underlined. 

3. The main area(s) of spec idl is t ion for each cluster, indicated by the underiineo 
percentage values, are shown in Tables 6.4, 6.5, 6.6 and 6.7. 
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TABLE B-10 RELATIVE CONTRIBnTION OF EACH AREA OF SPECIALISATIOM 
FOR CLQSTERS WITHIN AMD HEAR DRAFTING AND DESIGN 







PERCENTAGE CONTRIBUTION TO JOB OF EACH 








A^EA OF SPECIALISATION 








Gene ra i 


Mechanical/ 


Eiectr ical/ 


Civil c<r.g 


CLUSTER 






manufactur ing 


e lectronic 


/Purvey ing 


NUMBER 


TITLE OF CLUSTER 


G 


M 


E 




159 


CRAFTING 




3.1 


2. 5 


7 • ^ 


278 


DRAFTING ADMINISTRATION & SURVEY DRAFTING 


85.4 


1. 3 


2.3 


10 . 9 


324 


SURVEY DRAFTING 


82.8 


1.7 


0.1 


ib . 4 


301 


P::SIGN DRAFTING 


84 . 7 


6.4 


2.2 




242 


EQUIPMENT DESIGN 


67.8 


20.6 


5.1 


6 . 5 


351 


SENIOR SURVEY DRAFTERS 


86.0 


1.7 


0.0 


12. 3 


126 


Senior Structural Analysis & Design 












Officers 


o 3 . U 


19. 2 


0.0 


X / . O 


47d 


Senior Electrical Design Drafters 


88 . 5 


0.0 


9.8 


1 -J 


513 


Senior Electronic Design Drafters 


93.4 


1.3 


ITT 


2 . 3 


515 


Engineering Survev Drafters 


73.9 


1.8 


0.4 


23.9 


497 


Senior Engineering Survey Drafting 












Officers 


83.6 


2.1 


0.0 


14. 4 


412 


Senior Cartographic Survey Drafters 


92.9 


0.6 


0.0 


6.4 


542 


Building Services Design Drafters 


85.7 


9. 3 


4.3 


0.8 


392 


Structural Design Drafters 


82.3 


7.7 


1.6 


8.4 


389 


Other Design Drafters 
Mechanical Designers 


88.7 


0.0 


1.0 


10. 3 


285 


63.2 


23.8 


5.8 


7.2 


406 


Design and Development Officers 


89.5 




l.b 


3.2 


134 


Civil Design Drafters 


72.6 


3.4 


0.6 


23.3 


94 


Production Method Designers & Planners 


78.9 


15.1 


4.3 


1.3 


127 


Tooling and Equipment Technicians 


57.7 


35.8 


5.4 


i.O 



* NOTES: I. Cluster titles in capital letters are intermediate clusters. Cluster titles m lower 
case letters are primary clusters. 

2. Percentages of over 6% in each of the three specialised areas M, t, and C are 
underlined. If none of the three specialised areas contribate o^;er 6%, the general area 
percentage contribution is underlined. 

3. The main area(s) of spec ia 1 is t lOn for each cluster, indiC3t-?d by the underlined 
percentage values, are shown in Tables 6.4, 6.5, 6.6 and 6.7. 



TABLE B-11 RELATIVE CONTRIBUTION OF EACH AREA OF SPECIALISATION 

FOR CLUSTERS WITHIN AND NEAR ELECTRICAL AND ELECTRONIC 
ENGINEERING 









PERCENTAGE CONTRIBUTION TO 


JOB OF 


EACH 










AREA OF SPECIALISATION 








Ge ne r a 1 


;''eCt.an iCa x/ 


Elec tr ical/ 


f'li/i*! Fnc 


CLUSTER 








manufactur ing 


electron ic 






TITLE OF CLUSTER 


G 


M 


E 


Q 


89 


ELECTRONICS 


47.7 


4 


.7 


47. 


3 


0 . 3 


67 


ELECTRICAL ENGINEERING 


45.7 


10 


.0 


43.2 


X . i 


120 


ELECTRONIC EQUIPMENT 


48.5 


5 


.6 


45.4 


0 . 4 


115 


COMPUTER & DIGITAL EQUIPMENT 


46 . 


8 


3 


^ ^ 


50 . 


0 


0.1 


85 


ELECTRICAL MONITORING 


49. 


3 


13 


» 1 


36. 


5 


1 . X 


56 


ELECTRONIC TESTING AND SUPERVISION 


74 


3 


5 




18. 


7 


1 . 9 


100 


EQUIPMENT MONITORING AND CONTROL 


51 


6 


15 


.0 


31 . 


5 


1 . 9 


119 


Electricdl Protection Technicidns/ 


















Technical Cfficer^ 


39 . 


7 




.0 


54 . 


4 


1.0 


175 


Electricdl Power Ger.sration Supervisors 


46. 




10 


.7 


42. 


I 


0.1 


207 


Autoniatic Control System Technicians 


53, 


6 


5 


. 5 


39. 


6 


1. 4 


183 


Ec^uipinent Monitors and Maintainers* 


50 


0 


22 


.9 


24 . 


8 


2.3 


629 


Microelectronic Desi9n ^nd Development 


















Officers 


48. 


1 


5 


, 7 


44 . 


6 


1.6 


562 


Senior Microelectronic Maintenance 


















Technic ians 


r » 

b i. . 


c 
o 


3 


.4 


44 . 


5 


0.3 


545 


S6nlor Electronic y.a in tenance Techr.iciar«3 


54. 


1 


9^ 


^ 


36. 


J. 


0 . 2 


308 


Electron ic Common ica t ion Sy s tem Re pa i r 


















Officer s 


39. 


I 


4 


.7 


56. 


2 


0.0 


280 


Electronic Control Svstem Repair 


















Technic ians 


29. 


2 


7 


.4 


63. 


0 


0.4 


167 


Senior F^PC^^on^c Ff•n^Tnpn^ Off ifprc 


65. 


9 


4 


.8 


28. 


5 


0 . 8 


181 


Flpchronic TpnhniniA»^Q 


59. 


3 


J_ 


J. 


J4. 


I 


0 . 5 


315 


Computer and Digital Ec^uipment 


















Tn^hAl ^A^ inn 


5G 


8 


2 


. 5 


46. 


7 


0 . 0 


362 


Comouter Anrf Diaital Ff•n^ompn^ MAin^pnAnc<^ 


















Technicians 


39 


7 


3 


.4 


56. 


9 


0.0 


216 


Computer and Digital Control Technicians 


43 


2 


4 


.8 


52. 


0 


0,0 


229 


Biotechnology and other Instrument 


















Technic ians 


49 


7 


5 


.3 


44. 


6 


0.5 


179 


Communication Systems Design and Assembly 


















Technical Officers 


46. 


9 


1 


. 2 


51. 


8 


0.0 


2G6 


Electronic Testers 


90 


4 


4 


.0 


5. 


5 


0.0 


92 


Electronic Supervisors 


69. 


8 


1 


. 5 




7 


0-9 


16 


EQUIPMENT ASSEMBLY AND REPAIR 


55. 


6 


14 


.8 


2^. 


0 


0.6 


215 


Fluidic and Electronic Technicians 


77. 


1 


16 


.1 




8 


0.0 


86 


Equipment Maintenatice Technicians 


67 


8 


25 


. 3 


3. 


8 


3.2 



* NOTES: 1. Cluster titles in capital let^ers are intermediate clusters. Cluster titles in lower 
case letters are primary clusters. 

2. Percentages of over 6% in each of the three specialised areas M. E, and C are 
underlined. If none of the three specialised areas contribute over 6%/ the general area 
percentage contribution is underlined. 

3. The main area(s) of specialistion for each cluster, indicated by the underlined 
percentage values, are shown in Tables 6.4, 6.5, 6,6 and 6,7, 
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Figure B-1 Scatter plot of the primary cliisters on education level 
and task level index 
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Figure B-2 Scatter plot of the primary clusters on education level 
and number of tasks 
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APPENDIX C: TASK IiEVEL JOB DESCRIPTION OF THE WHOLE SAMPLE 



The following pages contain the task level job description of 
the whole sample of 1230 vesponuents. The tasks are in 
inventory order, as given in the questionnaire. All 61 duties 
and 621 tasks are listed. 

To the right of each task are three items of information. An 
explanation of each of these follows: 

Column I t Percentage responding - this is the percentage of the 
sample indicating that they perform the task; 

Column 2 ; Percentage contribution to job for those responding - 
this is the average percentage contribution to job 
for those indicating that they perform the task; 

Column 3 t Percentage contribution to job for all members of 
sample this is the average percentage contribution 
to job, averaged over all members of the cluster. 
For each sample the sum of the column J percentages 
over all tasks is 100%; 



CLUSTER 1 : WHOLE SAMPLE 



Tasks 



Aw « 
A' . 



•re 

► c 1 

1 re 

* t r> 

f re 
C c- 
1 f. 



ore 
are 
nt o 1 n 
J •C t S 

1 t o r 

^ar e 
e r V 1 s 
0»*c in 
e r V 1 ^ 
? re ^ e 



ccrsircction scf.^culfs 
reccrcs e»penciture 



anc car c^a^ts 



or ccnt^rocticr 



crc cress -crk 
f I " t us * r c f^eou I e 

ot€ f''Owrt<s 1 1 ♦> otfer sectioi^s 

* Ct^t-rs (er'orrrinc S0»re C* •'i" taS^S 

Ct Pl^r.rir^ one •'draaf*^^' 



ALL- 

P r c t 
Resf 



72. i1 
7S.37 



ALL- ALL- 

K£SP PtSP 

XJOD XJOt' 

Resp All 



?3,41 .v5y 
13. tt .7U 
21.71 1.111 



1.436 
1 .G7C 
1 .376 

1.310 
1 .335 



.2^4 
.2*.1 
.5c5 

.4'jC 
4t3 

. 4 33 



1 1 . 

eiz. 



vse stoHcdrc clfrical rrccfCores (ec. ^eep 

rfCCCS cr ^ilfs. *ill in ^orrrs) 

ftsiTr, cr Ofvtlc; rf. clencdl orocfCures 

^tv1**» arc Cto". C^r ^ork 

PevK* o^c Ll^n tn*^ *ork of a 5rCciC 

*ecC'«'c c»r ..cru (e»cect reccrts) 

Arrbr^ce visi!^ tc ot^er Iccdtions 

Arro^sf- rfetT"':s 

file ^ia^i tf^l^/c' COC-rrrentS 

^t•arc^ <cr e'^u':;re''t. irotfriols. crawin 

c r f » I e s 

c tcccp CSC^rer I s 
r 1 • r I o n t 
^ 1 c r r * ■» I ocr^'*eot< 

PretJre ;oi rrscrittiors 3nc/or Cwty stdte'^ents 
Sutt''viSf Ct*'rrs ;»r<oritir.c scnip c< tf"e 
toSfcS in Cerfroi A " r 1 n i s t r a I 1 0 P 



5c.^1 1,387 



23.33 

61. z: 

42 .03 
S2, 3t 
77. 
76.34 
12.11 
4 . 1 5 
t*..55 

;:.4l 
7 7 . S 

o.or 

?C.45i 

46. 5C 



.716 
1 .685 
1 .44C 
1.366 
1.CS3 
.c51 
.732 

1 . 1 OS 

1.29^ 

.<;8: 

1 .C5u 
.740 
1 .041 
1.3C2 



.107 
1.C33 
.605 
.715 

.4i: 
.3:v 

.632 
.f 3^ 

.5 9? 
• 3yw 
.045 
.717 

.^:5 



Cl. VritP letters 

Ci. •rit'^ tecr.ricdl rctes 

Ci. fcrit* rerorts 

C4. Pret^br^ statistical inforcatior 

Cf. »eeo reports, jcurodls an^ tents 

Ct^. Prepare contract accwfents 

C". ^trdC dno evaii«ate cctracts cr sptci^ic< 

C*. Aeao oTj ir. t'^r;,ret ara^in^s 

C^. tc sVetc»*es a-c cra«i'»cs 

C1^. frtp^re cr.tfTts a p. J orarhs 

C "t 1 , Suftrvisc Ct^t•rs t«-rforB.ing so»^e c* th*^ 
tcS»S ir. kriitcr Cc«?ffjr. iCtfticn 



60.41 


1.328 


.802 


5t.73 


1 .336 


.7o5 
1.C13 


65. 2£ 


1.552 


3o.4^ 


1 .087 


.413 


70.71 


1 .274 


.901 


33.17 


1 .395 
1.279 


.464 


4S .37 


.580 


7^ .37 


2.145 


1 .6oi 


"5.01 


2. 035 


1.53- 
.5*.6 


4i:. *.t 


1.120 


49.02 


1.2*2 


.629 



1^4 



It . 

1/5 . 
1 1C- 



t*cnanc,e infcrroticn with fncireers. 
$urvryors cr Arc*"itects 
inch an qe ir. fcrcaiicn ^itf« trddfsrer 
£>chance ir.fc'-rction with ct^er ftccle 
KitMn ycur c ^ i s a t i on 
I M ctdn^e irlcrratior ».ith clients cr 
eeo.ters cf t»"e putlic 
Participate w. ireetin,*s 
Attera lectures, seminars dnc 
Give lectures 
Ccunsel peer', e at work 
Interview jot dj.rlicdnts 
Supervise ct^ers perforemg soite o 
tds^s in Cral Ccr irun i c a 1 1 on 



conferences 



the 



'_-.63 


2.040 


1.733 


7t.5r 

8b. 78 


2.G06 
2.322 


1 .535 
2.Cc1 


62.05 


1 .762 


1.19- 


69.11 
cO.57 
21 .30 
32« cO 
24.23 
27.6^- 


1 .236 
1 .067 

. 63o 
1.C75 

.553 
1 .185 


.854 
.6*.c 
.1 79 
.75: 
.2i7 



I. flNAKCE ASC' fST:KATl^G 

t1. Prepare preliffinary esti«r«,tes ccsts 
tl. Prepare detail cstip^ates of cost* 
£ ' . p repare ruC3e i s 

t*.. frepare esimoies for staff time 

i\ • feview estiitotcs of cost ano/or tipe 

C . Control e>;epjiture 

>tfintain Sifr;ie dCCOuntin- 
f'. Swrervis*- otfers ferfortsinc so^e cf ♦he 

??S»* in financt c^Z £sti»atin2 



47.32 


1.455 


.6iT 
.628 


4C.33 


1 .550 


?1 .14 


1 .089 
1 .077 


.2:: 


27. 


.7 0: 


71.14 


1.143 


.756 


24.23 
2C. 4l 
19. 1<: 


1 .196 
.9S5 


.29C 


.201 


1 .064 


.204 



• • J. Pt^c^-Asif.:) 

Deal witr salfitfrscs 

tvaluate ecu»;reri arc lr.at^1^er> 
f:. frepire rcC'»"C»ic a;r. raisa* d eociirprt 

or l^6C^1re»/ 
*4. t»aiMnf anD leiect 3'-*oies 
f:. furc'-ase ecu».neri o'' services 

. Cv*rse€ ^c'■c^oses staff 
'7. SuterviSf ethers £erfor»inc soue of tnt 

ttfSRS in P^rc'cSirsc 



^5.77 
4 4.51 
17 .2^ 

'3.17 
4C.9^ 
:c.6? 

16.<.6 



1.C90 
1.12*. 
.832 

1 .129 
1.243 
.792 
.cSo 



,4go 

.4Vi 
.22' 

.375 
.50^ 
.1^7 
.164 



S T a F f t £ V e L C f i N * 



ERLC 



CI. 

W 4 . 

u r . 

C4. 

Gi. 
Ct. 



olC. 



1 sent 1 
C r c oP 1 
S 1 c.r. 
f r epar 
Conouc 
► tf nace 
C€»f r r 
Utcate 
anc 1 1 
£ncocf 
cf l^t 
Suoerv 
t«>Sfc f 



f/ staff n^f^s 

se Sltf*< t^'iininj pro<;rairs 

anc cevtlc: training proora(<' 
^ 1nstr^ct10♦^^l »tfteribls* 
t tratrin,, 

trai'Mnc anc <Jevelopi.tnt 
Cut s t a * ? 2Pf-r a i $a I s 

Owr «nc..lf3ce of latest tec^r-clc^y 
s «tpc I icat lo^s 

ajf cti^er sxaf^ tc wooate t^•1r knowleose 
est tecr.nclony aoc its »opliCdtions 

otr^rj (.erforftinc so»e of the 
in Staff Oeve I opireni ' 
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26.10 
17.24 
13.90 
20.37 
34.39 
13.66 
22.60 
4c. 05 


• 960 
.900 
.78c 
.616 

1 .020 
.812 
.922 

1.439 


.251 

.1J^ 
.166 
.24^ 
.111 
.2u*» 
.691 


32.44 


1 .033 


.335 


14.72 


.980 


.144 



CLUSTER 1 : WHOLE SAMPLE (CONTINUED) 



supervise trace srren 
Sur»ervi$f other encinv^rirg 



Tasks 

STAff $LPSfiV'lSIO» 

• Cive cirecticr. cnj 
^L* Give oirecticn anc 
staf f 

Instruct or direct ncr-en^intenrc s*aM 
tf5» tytinc, clerical, I duo r a t o r y ' s t a f f ) 
H*. Set incjivicual ano grout aOals 
« . *isis! s!3M tc restive Mrotler-s 

^. GuALlTY ^ SSo^ AKC f /CrUAL n Y COMFOL 

J'. tfvelop cualitr policies 

Ji# ^lan Guolity CCntrcl S y S t t S 

ttsi'.n oualit> cor.trol procecures 
J-# I«rl*-irent cuality cof^trol prccecures 
J!. Assess uuaiit> cc-r. trcl proceojres 
Ji • Sucervise others c<r<omnc so^e o^ The 

tasfcs in duality A S sur anc e?Cua 1 1 1 y Control 



A L L ~ 

Pr c t 
J^es c 


A L L - 

% Jot 
f^esp 


AL w " 
Al I 


5:. 41 


1 .605 

1 .^94 


.746 
.75? 


*v 1 " ^ 

^ 1 • M c 






53.4: 


1.167 
1 .469 


.27* 

.ei4 


14. e! 

1^.17 

2:. 57 

1 'r . 1 1 
U,47 


1 .:67 
1 . u 1 9 
1 .C27 
1 .362 
1 .25e 
1 .072 


.I5d 
. 1 24 
. 1 i1 

.?i : 
.155 



3UALJTY TtSTINC i\C ^^ASL'filNG 



^ 1. 



L1. 

l:-. 

L?. 
L4. 
Li . 



ttsi-n test prccecures 

CcnsirucT test ri;s and instruTent CcCkaces 

Ftrfcrr ir^nu^tfCturfc pro-JoCt tesTS 

ftrfcrm iraterioi tests 

ftrfcrfr enyiro'^ertal tesis 

Corjuct f.o«c»r. ter^crirance t-'sts 

L'se statisticol so^pling tec^niQues 

Lse cortrcl cr^rts 

St/ecify cr us? acc*'ptar. ce rreasurefre'^t tec^mcues 
to verify that ur'^Tvcli cc^^cra to Cimensional 
St e c 1 1 1 c at 1 ons 

Calibrate ins t ' ur t'^t S to a standard 

tro-''ar autoratic 'est ecjipnent 

Investiudte anc rectify causes c* rocr ^juality 

witness anc rt:;,ort 0^ naterial tests 

Si^cervise others jerformnc so^e the 

tasits in Cuality Testing anc .**edSori'*g 



ftrtorr. paint tests 
PerforfT soil tests 
PerfcriT corcrete tests 
f-trfors ether rateri^l tests 
Sucervise Ot^'ers per*orB.inc sone 
tis*s in Kateritfls Testinc' 



of the 



u . v: 


.942 


. ^52 


^4.07 


. -64 


. 1 26 


-•^.47 


1.236 


. 1 t2 




1 .59c 


.232 


r . 4 f 


.c27 


.r^i 


4.22 


.552 




7.2: 


Lies 




C.yi 


.957 


r ' * 


^ •» • ^ " 


1 .465 


.217 


W.24 


1 .4S9 


.257 


i.2l 


.y32 


r , 


: K 2 -: 


1 .26i 


*.27- 


14.62 


1 .479 


.2U 


15.12 


1 .CS5 


.1o4 



2.95 
6.26 
5.2c 
11.2: 
£.7: 



.£07 
2.417 
1 .82e 
1.513 
1.271 



.4 
.^51 
.:y5 
.171 
.111 



Prepare and cost itiai*"tenarce ^r-d calitr<t*icn 
schedules 

I»ple»ent wairieoonc*- anc calitratior' schedules 

evaluate «. airttrancf proorart 
*'4, List roces cf taiv^^e 

List ccnsecue'-ces *ail»ire 

Ctjrr> Out ira 1 r t er of c ^ irs;-eciions 

''onitor fe c;-r3:TC" of tcuipffent 

Ccncuct Cia9r»cstic ttsti*^. 
^ • ConCoCt routin*: ftrforir. anif tests 
•'"3. fuoervise ethers t-'^rfprtir.c sc e'o' the 

toSfc? n •'air. tenarce 



1 1 

19. £4 



.£06 

1 .222 
1.161 
1 .135 
1.:57 
i .U2 
1 .73-: 
1 .£71 
1 .:ifi2 
1.20c 



•?64 
.22 c 
.21? 

.415 

.414 

.:7t 



ERLC 



M . 
N2. 
N2. 
N4. 



f 2. 

p 7 , 

^' 1 * < 
^^12. 
P-2. 



services 



. SA^TY 

Ptvelop and rtrccffrrend safety procrair^ 
••cnitor safety procrar-s 
IffPleRent safety j:ro2rair,s 
AoR inster elerertary first-aia 
Supervise others cerforting soffe of the 
tasks in Safety 

. S1T£ lf.SPfcC7:0». AND INV^STIbATIG^ 

Investigate crtviC^S er^gineerir-j ^crfr 
Collect oata cr iccaticn 0* reads anr 
tnrcush ^iflc ir. s:.eJtions 
Inspect lane tcr^s c»" site 
Collect data cf larc use 
Inspect ce^elp»'rer;s on fleoc Plains 
Assess extent cf rtyer fioosJinj 
Inspect hy-'^cottr^c BOnitcrir^'sites 
•'enter at^csifferic anc er.vircnrrentat cccitics 
Assess fcres^ort: s*crir caR-a^e 
ffotoirath. sitt 

inspect site tor SfrJfty and stat. ility c^ri'^s 
cc'>S t rue t 1 cn 

Inspect er.cineerir.c wor* ^or co<»'rMarc€ -itn 
rlans anj spec 1 f i cc 1 1 or s 

Ptrtcrn en-sitt er.^-'cy ojjitS 

jupervisf ethers c e * e r r 1 r.g sojrr 0' 

He toS'S 1*". ::itf :r.stectior and investicaticr 



<• DATA CCLLKi:CN tf,: ASAlYSJS 



-1. 
04. 



w6. 
C7. 



Optain data f cff mstruwents 

Collect data <ror ^n-ine^rs and/or clients 
Tabu I at e r dto oa t a 

Calculate totii* »^ar. ^ range stand arc deviation 
ar-d ether siirple Statistics 

Use statistical tac-les anc other statistical 

techr'ioues to ^natyse and interpret data 

Oisseffinate o^ta collectec 

Supervise others tef<or»inc so»e of 

the ta$Ks ir. p«ta Collection ana Analysis 



14 .£r 

i7.i.e 

25.77 
17.24 
12.25 


1 .C67 
1.173 
1 .4^2 
.9^1 
1.237 


.159 
.2c5 
.272 
^ < c 

.137 


29.*.: 

2-.n 


1.111 
1 .2i1 


.43- 
. ''72 


: 2 . t : 

''2.4i 

:.7; 

9.: 2 
^ < 7 

e t 


1 .C9c 
.754 
.737 
.7£7 
.£14 

.9^: 


.251 
.Cy4 
.Ct2 
.C7-. 

.:^6 

»" c c 


t ' 
-< . w 

2 5.4: 

1 c ^ £ ^ 


.504 
.£1C 
1 .CI5 


!:i5 
.2:6 


2 5 . 7 


1.252 


.4t4 


7 c - 

1 £ ! 6 " 


. 66 J 
.t 9*. 




» c r ^ 
2S!77 

?C .94 

19.5- 


1.46^ 
'.lit 
1.152 
1.002 


.51^ 

.43*^ 
. 

. 1 ' t 


19.1-5 


1 .C21 


.195 


23. 9C 
10.3- 


1.C23 
♦ 902 


.244 

.1^7 
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CLUSTER 1 ; WHOLE SAMPLE (CONTINUED) 



Task s 

^. USt OF C^LCtlATCRS AND COkPUT£PS 

1 • Use calculators 

• L'se crogrdrftdtle calculators 

Use cerscHdl c omput er s/»i c ro-pr o ces s or s 
Rt« Input dattf or recall data from ccmruter terminals 

'Jse wainfrswt cr i^ini confute rs thrOL'S*^ cufiChed 

Coros or terfrinals 
f>^« Develop corrruter proqraiDS 

Usecackage programs 

• >LOiiy packdOe proorams 

Prepare input tor ^urrerical Control Machines 

ftlO. Prepare input for computer assisted dra1tin9 
(CAD) machines 

Prepare input ior computer assistec machining 
(Cak) irachmes 

61*.. Supervise ethers perforrinc sote of the 

tasjcs in Us? of Cdlculators anC Corputers 

S. COMPUTER AKD DI617AL £0l;lr^£^7 

51. Stlect digital or computer control equipment 

52. Assist in conversion of plant reCuirements to 

a fc rcr dcceptat^le to digital or computer control 
eou 1 ptr e n t 

53. Assist ir the cesich of the prcgrair ior corputer 
control eauiprtnT 

S<.. Progra»»' coppvter control equipment 

55. ^cco^'e iryclvec ^ith conversion of relay Panel 
functions (o Cii,ital or computer control equipment 

56. Explain trccrar cf computer control equipi^ent 
tc other Persons 

57. Dcronstrate ferforrance of diyital or co>rPuter 
control ecuiCfftnt 

S? . Trair users of digital or computer control 
e Cu 1 Pme n t 

SO. Pepdir aoo test digital or computer control 
ecui pren t 

S*C. fc'Jity pro^ra-. of co«»puter control eouipment 

511. Maintain recoros of digital or computer control 
ecuirment 

512. Supervise others perforrinc some of the 

tasks in CcmpMt e r and DiQital Control Cquipm.ent 

7. CO'^PUTING SrSTEKS 



T1 . 
T3. 

T6. 

T7. 
Tf . 
TC. 



U1 . 

ur* 

UA . 
U5. 

U6. 
U7. 
Uf . 
U9. 
U10. 
U11 . 

uie. 

U13. 
uu . 

U15. 
U16. 
U17, 



Differentiate Letbeen the operating system of 
oifferent tyfes of hardware 
Operate a •^ulti-user system 

Analyse anc utilise disk anc non-Oisk based 

micro-cotputer operating systems 

Evaluate systers on a r.eecs/use basis 

Analyse anc utilisr irinimdl and dedicated systeir-s 

Caplain the functions of interpreters and 

compilers to other persons 

Interpret a K^f:rory fliap 

Interface varicus software with different systems 
Supervise others perfor»ing some of 
th* tasks C Off Pu ting Systems 

DIGITAL AND CO^'PUTING HARD*APt 

Prepare installation ana construction plans and 
Orawincs for oi^ital or computing tarausrt 
Instalt cicical or computing hsrC^sre 
Test new digital or covpuling hsroi^srt 
Commission r.e«> oigital or coffputmc equipment 
•Monitor the operation of oigital or computing 
ecui pment 

Analyse eQuipr.ent r^rformance 

Analyse faults in Cigital or computing equipment 

Diagnose aoo replace f2ulty co-^-pone n t s 

Perforx acjustnentst clean ar»a lulricate comporents 

Determine selection criteria for c c^i^one nt s 

E va I ua t e ecui p.xent and componen t s 

PecorrenC the purchase of equipment and components 
Design elettrOMC interface circuitry 
Construct electronic circuitry 
Test electronic circuits 

Interface various digital or conputinq hardware 
Supervise ctKcrs perforirire sorr.e of the tashs 
in Digital aoo C or.put ing tilrOmart 



*• V. CO^'PUTING SCFTUAPE 

Vl. Develop algorithms for hi^h level I 
V2. Analyse alcorithps for hi-h level I 
V?. Process cata (in relatively sin. pie 

level I dO^uape 
V^.# Interface anc modify hi,h I - ve I Ian 

for operation on oifferent ».cmtjuter 
v5. Develop algorithms and proordics at 

Icn^uage level 
Vd. Debug alcorithrs and programs at as 

I anuua^e level 
V7# Analyse alcorithf^s and progr dr.s at 

I anuuage I eve I 
V*. Iirlfment alcorithms and pro^rars a 

I uniuage I eve I 
V^-. KoOify al«oritM»$ and pro^rans at a 

langta^e level 
/10. Supervise others performing soff'e of 

in Computing Scftware 



anguage 
a ng J ages 
form>'in Mgh 

guage programs 

types 
3 s semi- 1 y 

sertL I y 

a sse I y 

t asset.bly 

sseP'bl y 

the tasks 



ALL- 
ftCSP 
Pre t 
Resp 



50.57 
AA.31 
A9.92 
29.84 

23.33 
A2.52 
13.09 
5.53 
10.41 



10.16 
11 .U 
9.84 
11.46 

i:.73 
13.33 
12.93 
12.03 
7.07 
e.94 
6.94 
8.37 
10.89 
13.01 
V.02 
a. 78 



ALL- 

PcSP 
XJcb 
Resp 



2.183 
1 .677 
1 .433 
1 .554 
1.570 

.979 
1 .430 

.835 
1 .296 
1 .805 



1.372 
1.139 
1.157 
1.153 

1.316 
1 .630 
1 .676 
1 .t43 
.960 
.785 
.771 
.£67 
1.177 
1 .700 
1 .027 
1.C20 



ALL- 

XJol 
Al I 



1.031 
.846 
.635 
.776 
.^69 

.229 
.60? 
.109 
.072 
.168 



c . c 0 


1 / O 7 


. u 


3.82 


1.003 


.239 


6 4 2 
7.80 


. 586 
.694 


.03** 
.054 


6.10 


.606 


.037 


6.42 
7.24 


.760 
.736 


.C49 
• 05? 


6.37 


.677 


.C37 


7.89 


.652 


.051 


ft A 7 


.668 


.045 


9.64 


1 .339 


.132 


5.37 
7.89 


• 63C 
.652 


. U34 

067 


6.18 


.661 


.041 


7.07 


.681 


.048 


9.35 
8.21 


1.111 
.932 


.104 
.077 


5.28 
4.31 
4.23 


.611 
.708 
.506 


.032 
.03P 
.021 


4.88 
5.61 
4.68 


.825 
.684 
.709 


.040 
.038 
.035 


5.93 


.837 


.050 



.139 
.127 
.114 
.132 

.109 
.217 
.243 
.198 
.066 
.C70 
.Oo9 
.074 
.128 
.^21 
.Oy3 
.CyC 



3.5C 
3.25 
5.61 


.864 
.748 
.961 


.030 
.024 
.054 


2.36 


.539 


.015 


3.66 


.692 


.C25 


3.82 


.651 


.ozt 


3.99 


.666 


.C2^ 


3.66 


.657 


.024 


3.58 


.667 


.C24 


2.68 


.629 


.017 



ERIC 
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CLUSTER 1 : WHOLE SAMPLE (CONTINUED) 



T a s s 

** EK61N£E«1NG tRA.»lKG AKD GRAPHICS 



Ac^just ana calibrate 
Acjust ano caliLTote 
( C A[/ ) mach ines 
Ifiterpret ►•orkinp Crawings 

Procuce drawings' using conventional equirmen 
^roouce drawings u$ing coftputer assistec dra 
(CAD) ir.achines 
Prepare ske t c nes / a r t wor k 
Prepare graphs anc charts 

Supervise ethers perfortiinc soffe of thf tasks 
in tngineerinc Dra-inc, anc'Graphics 



conventional drawing machines 
co»oi/ter assisted araMino 



f t i nc 



*♦ X. DESIGN DPAFTING 

XI. Prepare a list of 
a des i an p roposa I 
Draw f lok charts 



X?. 
X4. 

x: . 

xc • 

<7. 

xr . 



xc. 

X 1 G • 



Xll , 

X12. 



^oke I ayout drow i 
^ok e I ayou t cr tfw 1 
Kake assembly Ora 
Prepare wirino ai 
•'ake 3-aimensicn3 
^ake detai I dr<i.i 
or circuits tr>et 
instal lat ion 
^ a ke det ai I ord^ i 
or circuits that 
installation 
^ake detai I crd»i 
cr fixtures that 
inst al lat i cn 
Prepare graphics 
Supervise others 
in Design Draftin 



the functional requirements of 

or schematic block did^jrars 
"rS on a computer screen 
n^s on a drawing toard 
wines 
« r r arp s 
I »Odels 

ncsof electronic ccm(.cnents 
facilitate iranufacture cr 

n^S of electrical C omponen t S 
facilitate manufacture or 

ncs of mechanical components 
facilitate manufacture cr 

for display or instruction 
performing some of the tasks 



Y1 . 
Y? . 
TT. 
t4. 
Yf. 
Y< . 

Y7. 



21. 
17* 
23. 
24. 
25. 
Zt . 
27. 



and 



irrigation 
the tasks 



AAl . 
AA2. 



EKGINEE" iG SU^^V^Y DRAFTING 

Proouce Survey cravings 
Proouce site p lans 
Proauce contour clans 
Produce profiles 
Procuce roaa plons and sections 
Produce watert se^eraget orainage 
plans anc sections 

Supervise others pericreing some of 
in bngineerir^ Survey Drafting 

2. CADASTRAL SUf^VET DRAFTING 

Procuce illustrative plans 
Froouce aonini St rat i ve plans 
Produce portion or section plans 
Proouce deposited plans 
Produce strata title plans 
Produce plans for annexure 

Supervise others performing some of the tasks 
in Cadastral Survey Drafting 

U ELECTfcCrUC FAcPICATlON 

printec fiiring Loards 



fabricate 
Const ruc t 



mechanical haroipare primarily 
metals aro PldSticSt employit.^ the skills of 



from sheet 



reading crawin-;.St tending, di'illin^, cutting, 
tillino, punching, ueldin^ arsC finishing 
AA3. Construct electronic hardware, e-^ployiry the 

skills of reacinc circuit ana layout diagrams. 



Cdl 

sa f e ty 



wrapping anc hiqfi re liability soldering 
AA4. Corply with xcrkshcp, industrial ano electri 

safety recu i re n er t s , ana perform ossociatec 

checks ano tests 
AA5. Prepare doc ur ent a t i on associoted with the 

Prototyping of electronic ecuipment 
AAo. Supervise ethers performino some of the tdS 

in Electronic fabrication 



*• Ab. PCVER OtNEPATlCK, iULkGY TRAN'Sfil tNL fLUlL FLOW 

AM. DfSicn select or irstall tGuipment rflated to the 
Switching cr conversion of energy to electrical 
power or fluiJ pci»er 

Oesicn or select pur.r>s, heat exchangfrrs, motors 
and alliec ecui^irent 

Monitor the ptrfor^dnce of elerents of a plan 
(eg, ffeasure tfii'ptrdtures, pressures) 
^'aintain equiprent related to stedm, liquid air 
or gas flows ore po-er generation 
Cferate power ^.eneration eouipnent or Curpinc 
eQuiomtnt 

Carry out efficiency calculations an( energy 
ace Oun t i ng 

folic. .cedes on oferatinc procedures* air 
pollution or safety 

Desion or select electricity poles, towers, 
transfornersand cables 
EstifTdte consurer's rfem.anj for energy 
.Pispond to the irprct of the fuel cycle and pc^er 
cc«neration process on the environment and society 
iSuoetvise others performing some rf the tasks 
in Power Generation, Energy Transfer and fluid 
Flow 



Af2. 
AF3. 

AeA. 

A&5. 
A£6. 

AC7.. 
Ai 5. 

A&9. 

Al M 

AM 1 



ALL- 

KESP 
Pre t 
Re sc 



2C.0C 
3.52 

62.25 
51.95 
1C.4Q 

52.76 
42.25 
32.2? 



21 .06 

20.33 
5.45 
36. IC 
22. £5 
17. C7 
5.12 
fe.75 



10.65 
19.51 



12.20 
19.19 



21.14 
2o.lf 
22.76 
20.65 
22.44 
20.49 



ALL- 

RfcSP 
Xjob 
Pesp 



1.212 
.901 

2.C35 
2,337 
1 .554 

1.415 

1.C4& 

1.228 



1 .079 

. V76 
.959 
2.104 
1 .686 
1.224 
.593 
.956 



1.140 
1 .bl9 



.824 
1 .156 



1 .49C 
1 .387 
1 .284 
1 .416 
1.734 
1.720 



16.26 1.178 



6.91 
5.2C 
5.61 
3.01 
2.2C 
3.17 
4.15 



1.150 
1 .109 
1.346 
1.323 
1.285 
1 .C7G 
.981 



Alt- 
Rf SP 
XJOb 
All 



.242 
.032 

1 .267 
1 .2U 
.163 



,746 
.443 
.396 



.227 

.196 
.C52 
.7cC 
.?t6 
.239 
.C3C 
.064 



,121 



,355 



.100 
.222 



.315 
.363 
.292 
.292 
.3^9 
.352 

.192 



.C79 
.C5P 
.076 
.040 
.028 
.034 
.C41 



&.7C 
1C.57 


1.163 
1.282 


.101 
.135 


13.66 


1.635 


.223 


12. 2C 


1.385 


.169 


9.11 


1.C74 


.C9t 


9. 02 


.973 


.C<56 


3.21 


1.335 


.110 


6.54 


1 .C14 


.067 


£.37 


1 .006 


.064 


6.99 


2.260 


.156 


6.42 


1 .653 


.136 


5.45 


.618 


.C34 


7.46 


1 .J30 


.077 


5.45 


1 .136 


.r60 


6.42 
2.9? 


.981 
.66C 


.r63 
.019 


5.77 


1.342 


.C77 
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CLUSTER 1 : WHOLE SAMPLE (CONTINUED) 



7 j^SkS 

AC. ELECTRICAL PC.fR GEkERATIOK, 7 R AK I S S lOS 
01S7MFUTION AKO UT1L12A7ION 

AC1. Investigate need for generating Clant 

AC2. A&SiSt toith envi ronmental iir.pact Stuc^x for power 

Station or t r an sir i s S i on line 
AC3. Assist w:th preparation of s t^e c i f : ca t i crs for 

generating p'. ant 
AC4. Convert anuf a c t u rer "s drawings to working 

drawings f^r tradesmen 
ACS. Operate* under supervision^ generating plant 
AC6. Interpret SySteir* alarms 

AC7. Supervise installation or ra i n t en^nc e of 

battery systems 
AC6. Supervise installation or maintenance of 

e6rt>*ing syste" 
AC9. Assist witr preparation of specifications for 

transmission s^Stet^S 
AC1C*Prepare switching schedule^ 
ACl 1 .Perf orir 'live-line working, 

AC 1 c . Supe r vi se construction of overhead lin?s or 

toying of underground cables 
AC 1 1. Coirir i ssi on high voltage overhead lines or 

undergrouno cdtle syste** 
AC1 ^ .Commissi on ir.eoiuir voltage overhead line or 

unde rg round catle System 
AC1 S. Faul t-f inc on high voltage overhead line or 

underground cdcle system 
A C 1 c . f 6ul t -f i Pd on BPdium voltage overhead line or 

uncergroond catle system 
AC17. Prepare scheir.es for new Supplies 
ACIs.Arronge for installation of electricity Supply 

and •'•e t e r 1 ng 
AC1 V. Inve St igat e complaints for conSutrers about 

electricity Supp I y 
AC2C. Prepare schemes to improve electricity supply 
AC21. Prepare specification for electrical 

installation in a building 
AC22.Assist with design drafting of electrical 

installation in a building 
AC23.Select site for electrical euuipf'-ent 
AC24.Calculat e circuit or system loading 
AC25.Calculat e voltage drop on circuit or system 
AC26.Calculate fault levels 

AC27.Supervi se others performing some of the 
toSkS in Etectricdl Power Generation, 
7ransmissicn Distribution and Utilization 



ALL- 
RESP 
Prct 
R e s P 


ALL- 

RESP 
XJOD 

Resp 


ALu- 

RESP 
;jQb 
All 


4.31 
1.38 


.659 
.473 


.026 
.C07 


^ ♦ ■ ** 


♦ 773 


• 029 


3.17 


.68b 


.02P 


3 . 5 ^5 
6. 83 
5.69 


2 000 
1.206 
.671 


.072 
.062 
.038 


6.10 


.672 


.041 


C 9 J C 


.862 


.02 2 


2.68 
3.90 


• 848 
1.071 

• 782 


.026 
.0^9 
.031 


? 5 ? 

C * J c 


1.126 


.026 


3.74 


.966 


.036 


3.17 


1.253 


.040 


4.23 


1 .240 


.052 


4.72 
6.10 


1.125 
• 952 


,05 % 
.056 


3.33 


1.049 


.035 


4.55 
5.12 


1.075 
1 .014 


.049 
.052 


5.20 


1.153 


n A. n 


6.42 
8.54 
8.62 
6*42 
6.67 


1.038 
1.173 
1.180 
.975 
U050 


.067 
.100 
.102 
.063 
.070 



AD. AU70fA7IC C0N7RDL SYSTIhS 

AD1 • Investigate neec f^r automatic control Systems 
A02. Prepare specifications for automatic control 
syst ems 

AD3. Assist with preparation of specification for 

automatic control systems 
AD4. Assist with desion drafting of automatic control 

systems 

AD5. Supervise instollotion of automatic control 
Systems 

AD6. Assist with cormission >g of automatic control 
S) stems 

At7. Prepare operation or instruction manuals for 

automaticcontrolsysteirs 
AD6. Assist with preparation of operation or instruction 

ir.dnuals for automatic control Systems 
At9. Check performance of electrical automatic control 

S/Si ems 

AOir^Cnecfc performance of electronic autOfr.atic control 
Syst <»ms 

Atll. Check performance of electrmechamcal autor.atic 

control systems 
AM^. Check perforironce of fluioic automatic control 

S y S t ems 

ACl3.7une the dynamic response c h o r dc t e r i s t i c s of a 

control system 
Atl4. maintain automatic control SyStef^S 
A&IS.Ekplain the operation of automatic control 

systems to other persons 
A D1 e . Dt r onst r a t e the performance of automstic control 

systems 

AM7,7rdin operators of automati: control systems 
AC13. Modify automatic control sy>t*ms 
AD1V. Assist with piocification of ^utof^otic control 
systems 

AD2C . Supe rvi s e ethers perforciino some of the tasks 
in AutocAtic Control Systems 

«* AE. £Af^7H *'OVING AND KIMKG 

AE1. Sell tarthn.oviny ecuipment 

AE2. Desicn new mechanical ecuipment or design 

modifications to existing eouipment 
Af3. Lesicn ccnveyinc systems 
AE4. Intt-rpret ^eolo^ical measurements 
AE5. ^ake decisions involving selection* care and 

activation of explosives 
A£6. Maintain drilling, excavating, conveying or 

pumping equipment 
AE7. respond to ecological and social issues relating 

to t^e industry 
AE6« Supervise others pe forming some of the tasks 

ir, tarlh Koviny and Kininr 



7.97 
6.34 


.681 
.762 


.054 
.048 


7.32 


.640 


.047 


6.63 


.847 


.058 


7.64 


.981 


.075 


10.00 


.782 


.07? 


5.85 


.544 


.032 


6.67 


.586 


.039 


10.41 


1 .030 


.107 


10.73 


.921 


.099 


10.08 


.846 


.065 


4.23 


.698 


.038 


3.25 


.894 


.029 


7.48 
9.59 


1.217 
.676 


.091 
.065 


5.61 


.595 


.033 


4.07 
7.15 
7.46 


.526 
.782 
.723 


.Oil 
.056 
.054 


6.42 


.711 


.C46 


.06 
3.74 


.243 
1.417 


.000 
.053 


1.79 
1.30 
1.06 


1 .403 

.eeo 

.604 


.025 
.011 
.OJf 


2.68 


1 .369 


.037 


1 .30 


.994 


.013 


2.44 


.945 


.023 
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CLUSTER 1 : WHOLE SAMPLE (CONTINUED) 



or 



Tasks 

AF. HOTORlSfcD TRAKSP0R7 SYSTEMS 

AFlo.OCrSiun frair.esi StruCtureSi frotor c omt'Onen t S , 

cnvf ircchamsflis for carSi truckSi agricultural 
ecuipmentt bu*»eSi trainsi wotonsed carden 
equipment 

Afl'j.Dtsiop frafresi s*ru£turrsi aotcr coaponentSt 

crive rrechanisn-s for boatSi shipsi ferries 
AFlc. Design frairesi struCtureSi rotor componentSi 

drive ffechanisps lor aerof'lanesi helicopters 
Ar2, Test ano monitor the performance of landi sea or 

air vehicles to oevelop and improve their design 
AF3« Test landi sea or air vehicl'ys for cofrliance 

1 1 h ^egu I at ions 
Ar4« Maintain or sui^ervise n-aintenance programs on 

landi sea or air vehicles 
AF5. Calculate power outputi trierir>al efficiency or 

fuel efficiency 
AF6. Sell or order landi sea or air vehicles 

components for their. , 
AF7. Construct or supervise or mof^itor the construction 

of landi sea or air vehicles 
Afe. Respond to the social and ecological inppacts of 

landi sea or air vehicles 
AF9. Supervise others performing some of the tasks 

in Kotorised Tronsport Systeir<s 

A6. PROCESS PLAST EKGIKEERISG 

AC1« Desipn a plant la/outi or modifications to a 
loyout fcr thf continuous production flow of 
iraterials anc processed goods (egi fcoostuffSi 
li<juids» minerals) 

Kaintain elements of process plants 
Operate and monitor the performance of process 
P I ant s 

Oroer» write specifications for equipmtntf or 
sell process e^uipn-ent 

Manage hygiene ano cleanliness standards 
Install ironitorinc, and measuring instrumentation 
Manage liquid and solid <«dSte and gaseous 
emi ss ions 

Select electric motors 

Work closely with people qualified in electronic 
and electrical technologic 

Supervise others performing some of the tasks 
in Process Plant Engineering 



AC2. 
AG3. 

AG4. 

AGS. 
ACt. 
AG7. 

AGO. 
AG9. 

AC1G< 



AH. HETAL FAtRICATIOK'i TuRMNG AND CASTING 

AHl. Design «etal franeworkst liftingi carying 

devices* continuous sheet structures for welding 
or rivetting o(.(rations 

AH2. Desion shaftSi dxleSi or 9ears to te turned or 
IT i I led 

Ah3« Design castings and select the casting process 

Ah4. Kaintain production weldinQ systems 

Ah5. Kaintain production rrachining facilities 

AH6. Kointain foundry equipment 

Aw7. Monitor and maintain safety proceoures 

AH&. Design for corrosion resistance 

Ah9. Operate production equipir.ent 

AHlC.Order^ purchase or sell production equipment or 

€ jiper 1 irent a I ar.d test equipment 
AH11. Supervise ethers performing so^.e of the tasks 

in Ketal Fabricationi Turninii and Casting 

•« hJ* wooDi pafepi plastics and packaging 

AJ1. Desirn packages and containers for function 

anii appearance 
AJ2. Desicn prooucts to.be irade of plastic or ruober 
AJ3. Design dies for injection fr^oulding irachines or 

rubber calenders 
AJ4. Kaintain mouldinc ^r.achines or calenders 
Aj3. Keasure the diversions of prcaucts 
AJ6. Kachine dies or calenders 
AJ7. Desirn reinforced Plastic products 
AJ8. 0(.erate irouldinj eauipVient 
AJ9. ^^aintain or select ««oodi.o r k i ng irachinery 
AJlj«rtsign products to te ir.ade of wooo 
A J 11 .Supe r V i se ethers perforir.ing some of thf tasks 

>n noodi Pdperi Plastics one Packacing 

Ak. nulLDlNG SERVICES 

AkI. Desicn air conditioning systems 

A>2. Desicn refrigeration systems 

AK3* Install or maintain air c one i t i o n i ng i 

r e f r ge r a t ion € r»vi ronment control systtrs 
A»^4. Design water and drainage services 
Ak3. Ferforir. calculations for pum( characteristics* 

pressure or fire services 
Ak6. Install cr ridintain wet services 
A>.7. Tfcsti research ano develop energy systff^s and 

iToterials 

Aro« Konitor and investigate energy ccr.su«;,tion 
AKV. Desion hoistSf lif^s and stairways 
Ai^lC.Instdll or ir.aintair. hoistSi lifts «nd stairways 
A^11.D€*siQn security sy5tems - lockSi alarmSi fire 

Protection and /or systems 
Afc12#Install ano test vr maintain security ©nd fire 

protect ion svsteins 
AKl3.Supervise others performing some of the tasks 

in builoing Services 



ALL- 
RtSP 
P r C t 
Resp 


ALL- 
RESP 
XJob 
Resp 


A.L- 

RESP 
X J ob 

All 


c • c o 


5 1 A <. 
C . 1 <* •» 


nz. 7 




1 / t T 
1 . H I J 


m 7 


1 C 


1 no A 




c . ^ 0 


1 . U > 1 




X T "J 
J.J. 


1 7 on 


Pat 

. u O 0 


*» T 7 


C . *• J f 


m \ J \ 


1 C *i 
1 . T ^ 


1 ? T ^ 

1 . C J > 






1.257 


.029 


1 .3C 


1.657 


.022 


.98 


1.375 


.013 


2.68 


't . 306 


.03 5 


4.55 


1.282 


.C58 


3.41 
c . 0 ? 


1.152 


.C39 


2.68 


.675 


*023 


1.71 
4.39 

i.e7 


.781 
.965 
1 .102 


.013 
.042 
.021 


5.04 
e.37 


.782 
1 .249 


.039 
« 05 


3.5C 


.869 


• 030 


8.21 


1 .704 


«140 


6.75 


1.395 


• 094 


3.58 
2 . t8 
2.93 
.61 
3.74 
5.69 
2.76 
3.82 


.973 

? 77 

1 .95? 
1.484 

.924 
1 .036 
3.' 96 

« /84 


« ^o4 

• 057 

• 012 

• 035 

• 059 

• 132 

• 030 


4.55 


2.750 


• 125 


1 .06 


.776 


.00? 


2.2C 
.41 


1 .1 21 
.987 


.C25 
.CC4 



.65 
1 .95 
.41 
.61 
.08 
1 .06 
1.54 
1. Jfc 



2.580 
1 .341 
1 .908 
.785 
4.225 
1.299 
.750 
.£96 



.ni7 
.026 
.008 
.0C6 
.003 
.P14 
.012 
.012 



4.er 

2.6fc 
4,63 


2.392 
1.325 
1.413 


.036 
.065 


10.33 
5.92 


1 .291 
1.191 


.132 
.071 


1.71 
1.79 


.698 
.588 


.012 
.C11 


3^25 
4^&0 
2.2C 
5.3S 


.557 
• 792 
1 .1 36 
1 .129 


.018 
.038 
.025 
.066 


3.90 


1.501 


.059 


7^72 


1.115 


• 066 




CLUSTER 1 : WHOLE SAMPLE (CONTINUED) 



TasVs 

ft. AUVlSORY AND SPECIALIST SERVICES 



All. 
AL£. 
AL3. 
AL4. 
ALS. 

AL6. 

AL7. 

ALfe. 

AL9. 

AL12 
ALII 
ALU 
AL13 

ALU 



Assess odirage to »echdnicdl systerrs 
Assess aamagt to electrical system? 
Assess oamaae to electronic Systems 
Assess aamage to civil en^jineermg works 
Submit accident reports tv insurance companieSf 
courts and companies 

Assess safety proceoures and compliance with 
Safety regulat ions 

Kake recomirenoot ions on the productSf policies 
and services that *'»ould be pursuec" by Gcvernment 
bcdi es ana f i m s 

fcKamine ana evaluate patents* product designs 
and i nvent ions 

Present seminars, run courses* or teach 
classes cn inaustrial or technological topics 

.f^ecord atmosphere conditions and monitor operations 

.Pecord noise levels 

.knte service bulletins and operatino procedures 
•Co-oroindte waste disposal programs or 

recommend Processes 
• Supervise others performing some of the t:jsks 

in Acvisory ana Spec i a I i s t Se r v i c e s 



*• AK. CONSTItUCTlON 



AK2. 
A^'S. 
A*'4 . 

AKS. 

Af 6. 
A*'/. 

A^'S. 

AP9- 
AK1C 
Af^ll 



Calculate bind forces* live load? 
loaos on ocelli no s 

Select or calculate section properties 
Implement designs using reinforced con 
Desinn or ir-odity dwellings* triages* 
r 1 Qs " and plat forms 

Select processes and products fcr corrosion 
Prevention 

head* follow ana apply codes 
Hire or sell cranes* construction 
or site facilities 
Supervis* erection procedures and 
procedures 

Select materials for environnental suitability 
iKcnitor ana mamtdin safety procedures 
•Supervise others performing some of the tasks 

ir, Construction 



and static 

of frames 
re t e 
s 1 1cs * tanks* 



equ 1 pmen t • 
demo I i t i on 



** AN. elOTECHNOLOOy AND ERGONOMICS 
AM. Desion hand tools 

A\2. Desion furniture and fittings for ergonomic 

efficiency 
AN3. Desian ana develop i>rostheses 
AK4. Design surgical equipment 
AN5. Hointain and service medical equipment 
A\6. Maintain ano service electro-medical equipnent 
AS7. Design ano develop surgicol aid? 
A'.'S. Design and develop ambulatory aids or carrying 

dev i c es 

AN9. Desion signs* incicators* alal'^St detectors that 
involve an unoe rs t and i ng of human perceptive 
c apdc i t i es 

AK'' C .Kon 1 1 or at"kOSpheric concitlons or operate equipf-ent 
to maintain '-nvi ronment s of desired pressure* 
humidity* te/rperature and contamination 

AMLt-ispose of pathological waste products or oesign 
containers fr>r transporting biological tissues or 
cultures 

A M2. Supervise others performing so.%e of the tasks 
in biotechnology and Ergonomics 

** AP. TOOLING AND ECUIPKENT 



API . 
AP2. 
Ar3. 
AP4 . 
AP5. 
AP6. 
AP7. 
AP6. 
AP9. 
API u, 

AP11, 
AP12. 



Select Sbi 
Interpret 
Invest igat 
Ccnouct ac 
Dioyrose f 
Decide on 
Sc lec t 
Desion 
[/e s i an 
Assist 
eoui PIT ent 
C fe mons t r at 
Suf e rv 1 se 
in Tooling 



mac 
ecu 
mod 
wit 



tatle equipffien^ anc tooling 

equipment specification 

e need for equipment or tooling 

ceptance test on equipment 

aul ts on eauipme^^t 

tool material 

h i ne sett i ngs 

ipmtnt or tool ing 

ificat^ons to equi(.ment and tooling 
h development or manufacture of 
or tooling 

f performance of equipntnt or tooling 
others perform ing some of the tasks 
and Eouipment 



Au. •MATERIALS HANDLING 



AC1 . 
ACJ» 
*C3. 
AC4. 
ACS. 
A06. 



Select materials handling equipment 
Design materials handling equipment 
Select pac k ag i ng 

Supe rv ise '.harthousing and storage operations 
Supervise cistrihution ana transport 
Supervise others performing some of the tasks 
in Katerials Hcmdlinc 



ALL- 
RESP 
Prct 
Pesp 


ALL- 

PESP 
t Jot 
Pesp 


ALL- 

ftESP 
XJot 
All 


11.38 
10.08 
8.78 
8.7 8 
6.67 


1 .401 
.93^ 
.880 
.7 70 
.873 


.16C 
.09^ 
.077 
068 
.038 


10.9c 


.962 


.106 


7.56 


.852 


.064 



3.41 


.731 


.025 


4.39 


• 889 


.039 


2.36 
4.47 
7.15 
3.01 


1 ^031 
.722 
.741 
.734 


.024 
.C32 
.053 
.022 


6.91 


.714 


.049 



7.07 


1.015 


• 072 


7 y L 

9.43 
9.67 


1 . £ O £ 

.982 
1.157 


• U 0 r 

• C93 

• 112 


8.62 


.850 


• 073 


16.26 
3.58 


1 .294 
.855 


• 210 

• 031 


8.46 


.978 


• 083 


8.21 
6.67 
8.05 


.774 
.933 
.962 


• 0o4 

• 062 

• C77 




.84} 
.63? 


18^6 


.00 
.00 
.81 
.65 
.05 
.41 


M 

2.614 
2.709 

• 236 

• 422 


.000 

• 000 

• 029 

• 018 

• 000 

• 002 


1.06 


• 526 


• 006 


^ .06 


• 907 


• 01C 


.08 


• 268 


• 000 


• 98 


• /59 


• 007 



1K63 
5^94 

13^01 
5^85 
5^37 
6^34 
8^46 
7^48 

5^93 
6^91 



6^91 
4.68 
2.'.1 

2^60 
3^25 



1 •349 
1 ^156 

• 998 

• 964 
1 ^384 
U278 
1 ^723 
U367 
1 ^089 
1 ^210 

• 871 

• 920 



• 999 
1 ^288 

• 587 

• 875 
U435 

.655 



• 173 

• 132 

• 116 

• Got 
.180 

• 075 

• 092 

• 087 

• 092 

• 091 

• 052 

• C64 



•S6? 

• 063 

• 012 

• 023 

• 037 

• 021 



ERIC 



** ^P. PItODUCTION fcNOlNftPlNG 

API. Plan proruction 

AK2. tstiP^ate production rate 

A '■"3. Calculate rcwer consun-ption 

AP4. Plan material lOtuinq 

A<>3. Do scheduling or loadiny 

AP6. Progran inventory control 

Ah7. Determine irachine loading 

APo. Determine naChine loading 

AP9. Supervise others performing some of the tasks 
in Production tnuineering 



1 77 



?.9l 



4.07 
4.47 
1.87 
2^44 
2^52 
U63 
2^36 
1.67 
2^28 



U291 
U158 

• 632 

1 •ogg 

U254 

• 698 

• 916 

• £38 

• 964 



• 052 

• C52 

• 012 

• 027 

• 032 

• Oil 

• C22 

• 016 

• C2? 



CLUSTER 1 : WHOLE SAMPLE (CONTINUED) 



AU7. 
4U9. 

AL'1 1 



Tasks 

** AS. WOPK STUDY 

A£1. Perform rethod study 

AS2i Perform work jneasurefnent 

AS3. Design worker incentive scheir.es 

AS4. Irplement ond maintain Morker incentive schemes 

AS5. Prepare work performance indices 

AS6i Evaluate project profitability 

AS7. Determine workplace layout 

AS3. Supervise others perforiring soffe cf the tasks 
i:i iiork Study 

** AT. MUID POWER 

ATI. Design hydraulic circuits 
AT?. DcsiQn pneumatic circuits 
AT3i Design pressure vessels 

AT4. Design fluid values, actuators ano/or switches 

AT?. Select fluid power h9r<iyare for a given application 

AT6. Install anc forr.n i ss i on fluio Power systems 

AT7. Daignose faults in fluid cower systetrs 

ATo. Sell or crcer fluid power equipment 

AT9. Ifftplement the industrial safety requirements 

relevant to fluid power systems 
ATI O.Superv i se others performing some of the '"sks 

in fluid Power 

** AU. ELECTRICAL INSTRUMENTS AND SENSOPS 

AL'1. Select instruments for purchase or use 
AVcm Select sensors for automatic control systeirs 
AU3. Select sensors for computer tontrol equipment 
AU4. Coifmission sensors 

AU5. Deiponstrate perforrrance of sensors 
Ab6# Explain operation of sensors or instruments 
to other per sons 

Calibrate or re-calibrate sensors or instruments 
Use instruments and rranually control plant 
Use instruments when commissioning plant or 
eoui pmen t 

.Use instruments when fault -finding 
.Supe rv i se ot hers performing some of the tasks 
in Electrical Instruments ano Sensors 

** AV. POWER ELfCTROMC DEVICES 

AVI. Select thyristors or transisters 
AV2. Select rectifiers 

AV3. Desion eQuipirent incorporating power electronic 
oe V i ces 

AV4. Become involved with manufacture of equipment 

incorp orating power electronic devices 
AV5. Beco"e involvec with developjrent of equipment 

incorporating power electronic devices 
AV6# Supervise installation of plant containing 

power eiectronic devices 
AV7. Commission or assist with c omm i s s i on i no of 

powerele ctr on ic devices 
AVo. Foult-fino equipment incorporating pcwer electronic 

devices 

AV9. Demonstrate performance of euuipfttnt incorporating 

^ power electronic devices 
AVic.Operate or use equipment incorporating pcwer 

elect ron i c devices 
A Vl 1 . Supe r V i se others performing so^e of the tasks 

in Power Electronic Devices 

** Aw. ELECTRICAL PfiCTECTIOK DfcVlCES, RELAYS AND 
** CONTACTORS 

AWI. Select protection method and device 
Ak2# Select relays end contactors 

AW3. Assist with design drafting of protection systems 
AV4. Assist with cesign drafting of relay and contactor 
circuits 

AwS. Supervise installation of protection devices 
AW6. Supervise installation of corprehensive protection 
sy s t piT.s 

AW7. Supervise i ns t 1 1 a t i on of relays or contactors 

Al 3. Com««issicn protection devices 

A'is9. Commission or assist with commissioning of 

comprehensive trotection systems 
AV 1 C . C Off.m 1 s s 1 on relay or contactor circuits 
Ai» 1 1 . f du 1 1 - f i no on relay or contactor circuits 
AViZ.Investicate following the operation of protection 

oe V i ces 

AVI!', Supervise maintendnce of relay or contactor 
circuits 

A V 1 c . Supe rv i se others performifiO sor.e of the tasks 
in Elt.trical f-rotection Devicest delays and 
Contactors 



ALL- 
RESP 
Prct 
Resp 


ALL- 
RESP 
XJob 
Resp 


ALL- 
RESP 
ZJob 
All 


4.63 
6.50 
2.52 
3.3? 
3.5C 
4.63 
9.27 
4.80 


.757 
.858 
.55 7 
.641 
.670 
1 .044 
.886 
.727 


.C35 
.056 
• 01 4 
.021 
.023 
.048 
*0o2 
.035 


5.20 
5.12 
2.36 
1.14 
6.7S 
4.31 
6.50 
3.74 
2.76 


.902 
1 .042 
.798 
.871 
.904 
1 .599 
1 .414 
.832 
.663 


• 047 
.053 
.019 
.C1C 
.061 
.009 
.092 
.031 
.018 


3.50 


.672 


• 023 


13.32 
6.21 
4 .8C 
6.67 
4.39 

10.57 


.850 
.755 
.605 
.770 
.476 
• 643 


• 113 

• >62 

• 029 

• 051 

• 021 

• 068 


1 G . 8 1 
10.33 
13.25 


1 .608 
1 .070 
1 .192 


• 1 74 
.111 
.158 


21.22 
11.14 


2.024 
.973 


.439 
• 108 


8.62 
8.29 
6.50 


.891 

• 870 

• 603 


.C77 

• 072 

• 039 


6.50 


• 781 


• 051 


7.07 


• 691 


.049 


6.59 


• 726 


• 048 


8. 70 


.847 


.074 


13. CI 


1 .409 


.16? 


6.53 


.750 


• CS1 


11.54 


1.122 


• 129 


9.11 


• 802 


• 073 


A. 62 
1C.24 
7.:r4 
8.1? 


.810 

• £90 
.610 

• 683 


• 07C 
.091 

• C59 
.072 


8.21 
5.77 


• 759 

• 702 


• 062 

• P41 


£.1? 
7.97 
6.75 


• 830 
.937 

• 749 


• 067 

• 075 

• 051 


7.5C 
12.66 
10.24 


• 990 
1 ^600 

1 •in 


• 077 
.20? 

• 114 


7.:^ 


.855 


.062 


8.86 


• 845 


.C75 




uUSTER 



1 : WHOLE 



SAMPLE (CONTINUED) 



ERIC 



Tasks 

*• AX. POWER TRANSFGfcKERS, CIRCUIT BREAKERS AND ISOLATORS 



A>1. 

A>f2. 

A>5. 
Ax6. 

AX7 • 
AX&. 
A }^9. 
AX10. 
A)11. 

AXU. 

AX1 3. 
A X 'I 4 • 
A>1 5. 

AXU. 

AX1 7. 



iP2nuf a c t u re 
r.anufacture 
de ve I opfre nt 



of 



Observe and becoire involved in 
power translorirers 
Olserve ano becof^e involved ^n 
Circuit breakers 
Observe and becof^e invoU-ed in 
power trans^orfltrs 
InvestiCiate need for power transformer 
Prepare layout plan for substation or distribution 
boar c 

Install fOtoer transformer 
Supervise instbllation of 
Install circuit breaker 
Supervise installation of 
CofT-missicn or ossist with 
tranSTorirer 

CommiiSicn or ossist with c onrm i s s i on i ng of circuit 
t; r ea ke rs 

t he 
the 
t he 



po.e r t ran s f o rtre r 



circuit breaker 
corrn 1 s s i on i nc o* power 



a 1 nt enance 
r d i ntenance 
cpe rating of 



of power. transformers 
of circuit breakers 
circuit breakers or 



Supervise 
Supervise 
S upe r V i s e 
isolators 

Cperatei under super v i s i ori i circuit t reakers or 
isolators 

Supervise others perforfting so'^e of the tasks 
in Power T r an s <or me r s i Circuit Breakers and 
Isolators 



AY. LLECTRICAL DRIVES 
AVI . 
AY2. 
AY3. 
AY4 • 
AY5. 



of 
of 



or 
for 



variable speed drives 
fixed speed drives 
coff^nr.i ss 1 oni ng of variable 

fixed 



speed 
dr i ^es 



Observe or become involved with manufacture 
variable speed drives 

Observe or become involveo with manufacture 
fixed speed orives 

Observe or become involveo with research or 
development of variable speeo drives 
Observe or become involveo with reseaf ch 
cevtloPment of fixed speeo drives 
Assist with preparation ot specification 
electrical crive 
AY6. Select variable speed drives 
AY7. Select fixed speed drives 
AYo. Supervise instdllation of 
AyV. Supervise installation of 
A Y 1 J . Comm i s s 1 on or assist with 

speed drives 
A Yl 1 .Comiftission or assist with commissioning of 
speed orives 

AYl 2«C»emonst rate the performance of variable speed 
drives 

A Y1 3«DemonSt rat e tht perforrrdnce of fixed speed drives 
AY1 4.lnvest igate faulty performance of variable speeo 
orives 

A Y1 5. 1 nve St i g a t e faulty perfomance of fixed 
drives 

AYl 6. Supervise i^aintenance of variable speed 
AYl7#Supervise maintenance of fixed speed drives 
A Y1 C.Supe ryi $e others performing some of the tasks 
in Electrical Drives 

•* ELECTRONIC C O^K JN 1 C AT I OnS 

AZ1. InStalli cprrr. ission and maintain smaller 

communications systems 
AZ2« Evaluate the performance of antanae* transmission 

linesi wave guioes or optical libres 
AZ3* Install antanedi transmission lincsi wave guides 

or oPt ical fibres 
AZ4« Desipn dnd construct simple circuitSi systems and 

interfaces between incompatible systems 
AZ^*. Diagnose and rectif]^ system faults 
A?6» Evaluate the suitability of rraterialsi components 

and equ i pment / sy s t ems for particular applications 
A77. Test ano evaludte the performance of systemsi 

and recofrnend and implement chdnoes to improve 

system pcrformdnce 
AZ6. Supervise others perfora, ing some of the tasks 

in Electronic Communications 

•• eA, OThCP CLECTROMC DEVICES 

BA1. Irst^ll an electronic Syst'ir (ie, radar, 

sonar , etc) 
BA2. Commission an electronic syste.Ti 
BA3. Overhaul an electronic system 
bA4. Carry out scheculed maintenance 

system 

&A5. Carry out perforn»ance checks on 
system 

6A6« Carry out rran u 1 a c t ur e r s modific 

certified moc i f i c a t ions , or upc 

electronic equipn-ent 
6A7. Intecrate electronic equip me nt 
EA£. Supervise ethers performing sote 

in Other Electronic Devices 

re. tUCINEEkING liUPVEYlNG 

ti?1. Keasurc distance ».ith tapes 
5:P2. use the Thcooolite in traversing 
ci^3« use electronic oistance measuring devices 
f»[4i Perforr' levelling by lasers 

b£*5. fstdtlish ilfvotions uSin^ automatic level 
it {>• locate oetail using tacheon»etry 
bf"? • Peg rut prof.osio engineering works 
l*Bfc. Align ir.oChinery 

OP*?. OL t a i n . s ur vry information from surveyor 
6B1 Suoe rv i s e otners perforifting any of tr>e tasks 
in Engineering Surveying 



an elect roni c 
electronic 



1 ens , 
e s on 



into 
of 



a system 
the t as It s 



ALL* 

RESP 
Prct 
R e S p 


^ i. i. • 

RESP 
XJob 


Alio 
A i. i. 

RESP 
XJob 
All 


• 98 


.447 


. u u<* 


.73 


.362 


.003 


.69 


.249 


.002 


4.15 
5.04 


.766 
.996 


.032 
.CSC 


'^ s R 

^ m J 0 

4.23 
4.31 


1.284 
.869 

1 OP n 
.728 
.704 


04 6 
.037 

n^^ 7 
.031 
.031 


4.96 


.717 


.036 


3.41 
3.50 
3.90 


.69 4 
.710 
.610 


.024 
.025 
.032 




\ •Of 7 




4.80 


.792 


.038 


c . c c 


.664 


.015 


2.03 


.610 


.012 


1.63 


.466 


. w IC 


1.71 


.502 


.009 


I. It, 


.61 5 


.023 


5.93 
7.07 
4.80 
5.69 
5.20 


.78 7 
.634 
.4 96 
.61 7 
.636 


.04 7 
.059 
.024 
.035 
.033 


5.77 


.607 


.035 


2.60 


.604 


.016 


2.60 
6.10 


.478 
1 .054 


.012 
.064 


6.18 


.929 


.057 


4 .23 
4.80 
4.96 


.519 
.628 
«644 


.C22 
.030 
.032 




1 .966 


.16 8 


6.42 


• m 0 J J 


. 0d6 


5.93 


1 .51 3 


.090 


6.18 


.950 


.059 


9.76 
6.26 


1.693 
.995 


.185 
.062 


7.80 


1 .092 


.055 


6.59 


1.130 


.074 


5.93 


1.356 


. V O U 


f ^n 
7.15 
8.05 


1 P A 

1 .303 
1.552 


Ok? 
.093 
.125 


9.59 


1 .496 


• 1 44 


8.70 


1.329 


.116 


7.64 
6.67 


• 916 
1 .035 


.070 
.069 



36. 04 
24.15 
11 .87 

4.88 
23.33 
13.82 
22.44 

9.11 
26.29 
19.35 



1 .490 
1 .296 
1 .330 
.S09 
1 .568 
1 .?30 
1 .395 
1.^21 
1 .262 
1 .051 



.580 
.313 
.Uf 
.C39 
.766 
.1 70 
.'13 
.111 
.?57 
.203 



179 



^93 



CLUSTER 1 : WHOLE SAMPLE (CONTINUED) 



Tasks 

uC. CADASTIIAt SURvrvlNG 

BCl. Dtfine property alignment 
GC2« Ottain cacastral survey information 
GC3« Calculate and set out subaivisio^> 
BC4. Supervise others performing some of the tasks 
in Cadastral Surveying 



ALL- 
RESP 
Prct 
Resp 



8.7C 
9.92 

4.60 



ALL- 

resp 

XJoi) 
Resp 



1.247 
1.236 
1.247 
.952 



ALL- 
Rf SP 
XJot 
All 



.139 
.123 
.061 
.C46 



oD. HYDROGRAPHIC SURVEYING AND DRAWING 

oDl. Perfcrir ocf anoy raph i c stuUieSf including Deach 
prof i le s 

btZ. Record location of underwater cable 
6D3. Draw ano calculate sextant charts 
bD4. Plot hand ano echo soundings 
8D5* Calculate dredcinc^ quantities 
BD6. Plot hyo-o graphic charts 

&D7. Plot channels for harbours and inland rivers 
6D6. Record moorin-^ permits on plans 
bD9. Trace flooo levels 

BDl C . Supervi se others perforr.ing some of the tasks 
in Hydrooraphic Surveying ano Drawing 

*• bE. S'J^VEY COKPUTATIONS 

8E1. Calculate recuccd levelf 

bE2. Pcrforrr aeciretrical calculations 

BE3. Adjust linear eisctoses ir. a traverse 

B£4» Determine cc-ordinates 

BE5. Calculate horizontal vertical curves 

SE6. Calculate areas and volumes 

DE7. Supervise ethers perforr.ing some cf the tasks 
in Survey Computations 



1.95 

.33 
.05 
1.67 
1 .14 
1.54 
1 .30 
.00 
3.62 
2.03 



2S.d6 
25.12 
16.91 
21.20 
19.19 
28.13 
16. 5C 



.782 .015 



.388 
.367 

• 696 
.546 
.707 
.841 

• 000 

• 875 
.701 



1.55i 

1.44? 

1.1C8 
1.280 
1*354 
1.407 
1 .094 



.cci 
.coc 

.C13 
.006 
.Cll 
.011 

.coo 

• C33 
.014 



.44^ 
.364 
.U7 
.273 
.?oG 

.U1 



ERLC 



df. CIVIL DESIGN AKD COKPUTATIONS 

PM. Perfcrr. civil enpineering design ano/or 

calculations on water supply and/or reservoirs 
faf2. PtrfcrjT Civil engineering design ano/or 

calculations on sewera9e and/or drainace 
3F3. Perforir civil enoineering design and/or 

calculations on wharf structures and /or fore*: hare 

pro t ec t ion 

BF4. Perform civil engineering design and/or 

calculations on recreation areas and/or landscape 
des i on 

Bf5. Perform civil enpineering design and/or 

calculations on subdivisions 
fcF6. Perform civil engineering design ond/or 

calculations on footings and/or retaining walls 
6F7. Perform civil engineering design and/or 

calculations on traffic manac^ement 
GF6. Perform civil engineering design and/or 

calculations on roads and /or freeways 
bF9. Perform civil engineering design and/or 

calculations on raMways 
BFlO. Perform civil tncineerino desio and/or 

calculations on earthworks 
6 F 1 1 .Supervi se others performing some of the tasks 

in Civil Desicr ana Computations 

:jG. structural DESIGN AND COKPUTATIONS 

bGI . rerfcrr structural engineering design and/or 

corrputations or. Leair.s« columnst and/or building 
f ounddt ions 

BC2. Perform structural engineerin(, design and/or 

computatitis on tuildirgs 
BG3. Ferforrr structural eng met ring design ond/or 

ccm^ ut at i :5ns on tridceSf cranes and/cr towers 
LC4. Pertcrm structural enjinetring desigr and/or 

con'putations on pre-cast concrete products 
ECS. Perform structural engineering desigr and/or 

cor pu tat ions on hoppers » chutes and/or conveyors 
fcG6. Perform structural engineering design and/or 

computotions on (lotforirs« wolkwaySt stairways 

dno/or ladders 
bC7. rerfcrff structural enoineering design jnd/or 

c nputationi on form work for concrete 
bCb. ?jr»ervise others jcrforr.ing sorre of the tasks 

in Structural Tesion and Corrf^ut at ions 

^'H. HYDkOLOGY AM HYDRAULICS 
fcHl. Perform river v^u^ing 

fcH2. Perform hyCrolcsical anal/sis and design 
Ctflculat ions 

Oh3. Ctterff.ine stern- water run off and flood catttrns 
oM<». Determine tidal flushing and ocean dispersal 
pott^rns 

bH5. Perforir hydraulic calculations ano d^si^n 
eH6. Calculate Pipe diameters to carry cesign flows 
bH7. Investigate surcharge 
bH6. Calculate headless tor pipe flo. 
dH9. Supervise others perform. ing sowie 
in Hycrolc^y anc Hydraulics 

cJ. TOWN PLANNING 

BJl. Interi^rtt town pli'^ning studies and/or town 

planning legislation 
6J2. Dettrminr neeo for a town planning study 
BJ3. Desian layout of r-vicien»ial area 
bJ4. Do research ar,C m<»»>c perflation fredicticns 
BJS. Perform landscape jesi;n 
L-J6» Design recreations' areas 

bJ7» Determine road location according to planning 

end developnitnt schemes 
bJS* Supervise ethers performing some of the tasks 

in Town Planning 

1 " 



of the tasks 



£.37 


1.130 


.095 


15.46 


1.340 


.247 


3 . U 1 


A. 7 A. 
. O J O 


Pic 


10.41 


.673 


.091 


9.02 


1 .092 


.099 


14.37 


.932 


.131 


1C.24 


.685 


.091 


17.97 


1.549 


.278 


2.68 


.960 


.026 


20.57 


1.269 


.261 


12.93 


1.059 


.137 


13.33 


1.473 


.196 


6.54 


1.377 


.lie 


5.53 


1.550 


.066 


4.63 


1 .239 


.Ci)7 


5.61 


1 .560 


.C89 


11.14 


1 .267 


.141 


4.96 


.683 


.C44 


6.42 


1.111 


.071 


1 . ^ •> 
6.1V 


.641 
1.191 


.015 
.074 


11.63 

.69 


1.122 
.414 


.130 
.004 


12.76 
15.45 

6.34 
12.60 

7.07 


1 .201 
1.210 

.954 
1.001 

.911 


.153 
.167 
.C61 
.126 
.C64 


.^.33 


.736 


.025 


.61 
2.6t 

.98 
3.58 
3.62 
4. SB 


.569 

• 669 
.o2Q 
, i87 
.659 

• 543 


.0C5 
.018 
.006 

• 025 

• 025 
.041 


2.03 


.663 


.013 
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CLUSTER 1 : WHOLE SAMPLE (CONTINUED) 



Tasks 
bK. CARTOGKAPrtY 
bKl • 



fcK3. 
9r7. 



CcRpile s»dU scale naps for base plans 
Interpret ano Hot < roir, aerial photocrachs 

prn?*J«4Sr:^?-^''^^'^"^*^ ^o*" projections 

Plot inforndt ion onto rap grids 

Ptrforir enlargement and reduction 

Chart onto cones oi existing mars 

Supervise ethers perforring some oi the tasks 

in cartoar aph / 



ALL- 
RESP 
P rc t 
Resp 



10.24 
9.92 
4.15 
9.27 
9.59 
8.62 
6.34 



ALL- 
RESP 
Xjoo 
Resp 



1 .067 
.960 
.741 
1 .105 
1 .141 
1.110 
1 .L70 



ALL- 

«ESP 
XJot 
Al I 



.109 
.095 
.031 
.102 
.109 
.096 
.068 



bLi. 

&L2. 

BL3. 

BL4. 
615. 
bLo. 

eL7. 

&L6. 

BLV. 

bLlC 



LL. AlP PHOTO AND •'AP 1 M £ RPR t 1 AT I ON 

of'^Srojectl ^^'^'^^ Photos ior siting ana design 



''ake use of aerial photos 
catch iT.ent touncaries 
''ake use of aerial photos 
of jrainaye patterns 
^ake use of aerial photos 
♦*ake use of aerial photos 



for 
for 



I oca t i On of 
ce t erm i na t i on 



for lano use surveys 
for data ccl lect ion 
"»aps for siting and 



iraps 



^ake use of topo^jraphic 
oes 1 gn of pro j € c t s 
•'ake use of torocraphic 
reads 

''ofce use of topographic wops 
catchment tounj^riec 
•^ake use of topogrophic moos 
of orainage patterns 
.Supervise others perforir.ing soire of the tasks 
in Air Phctc and Map I 'it e rpr e t a t i on 



for 
for 
for 



location of 
location of 
de t e rir i na t i on 



11.30 


.769 


.087 


10.16 


.840 


.065 


IC.Gl 


.919 


.099 


7.80 


.638 


.050 


8.05 


.931 


.C75 


12.03 


.906 


.109 


13.66 


.958 


.131 


11 .79 


1 .045 


.123 


11 .06 


.987 


.109 


8.05 


.868 


.070 



*• oK. SUPVty INVESTIGATION AUV SEARCHING 



b^l , 

^3, 
B»'4, 
b^5. 



e^'7. 
b'-o. 



PerforiR real property search 
Search survey at lands department 
Search survey at lands title office 
Carry out survey investigation 
Inv stigate cacastral surveys 

Def ne property alignments from existing lands 
titleSf physical occupations and/or previous 
Surveys 

Interpret land and survey laws 

Supervise ot^ers perforning some of the tasks 

in Survey Investigation and Searchinc 



5.77 
7.48 
7.32 
9.35 
5.69 
8.94 



5.28 
5.37 



.844 
.881 
.647 
.908 
.812 
1.125 



• 804 
.893 



.04<; 
.066 
.062 
.065 
.046 
.101 



.042 
.048 



&M • 
BK2. 

e'.4. 
PN5. 



aN. Slil.L AND KQVIE PHCTCGRAPHY 

Use a canera to photograpn sites 
uo r k 

Use a vioeo ano/cr iDovie caff> era 
rovement at work sites 
Cevelop enposec film 
Ecit vicco or frovie film 
Supervise ethers performing some of 
in Still and f'cvie Photogrphy 



or 
t o 



eng 1 nee r ing 
record 

the tasks 



34.55 
5.69. 



.928 
.768 



2.52 1.115 
2.03 .631 
6.59 .677 



.321 

.044 

.0^8 
.C13 
.045 
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APPENDIX D: TASK LEVEL JOB DESCRIPTIONS OF THE FO jR MAJOR 
CLUSTERS 



The following four pages contain the task level job descriptions 
of the four major clusters. The tasks are in descending order 
of percentage contribution to job, and only the top 60 tasks 
(approximately) are given for each cluster. 

To the right of each task are five items of information. An 
explanation of each of these follows: 

Column I: Percentage responding - this is the percentage of the 
cluster indicating that they perform the task; 

Column 2; Percentage contribution to job for those responding - 
this is the average percentage contribution to job 
for those indicating that they perform the task; 

Column 3; Percentage contribution to job for all members of 
cluster - this is the average percentage contribution 
to job, averaged over all members of the cluster. 
For each cluster the sum of the column 3 percentages 
over all tusks is 100%; 

Column 4; Cummulative percentage - this is the progressive 
total of the column 3 percentages ;- 

goXuron 5; Sequence number - this is simply the task sequence 
number. 
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CLUSTER 7H 



ENGINEERING SYSTEMS AND ADMINISTRATION 



Grp 
C 7<, 
Pr c t 
fie sr 



Crp 
X J oc 



G rp 

XJot 
A I I 



Cuff" 
< 



Sec 



er 9 1 nee r s » 



clients or 



(eg. keep 

ccst s 

o r a w 1 n S 



(>2# SxChance irforoation i t H otrer people 

liitMn ycur orLdniSdticn 
Cl. tAC^ance 1 n f c r ir<j t 1 on .ith 

Sorvf-ycrs or architects 
Rl • use Cdlculdtcrs 
C?. Writ« retorts 
D2 • IxCrdnie infornation .ith 

Cr. -eac anc interpret orahin, 

t»C^^r. ge infornation w^t>» 

p tffc^r s of t he put I 1 c 
c:. tevie* ©na plar. c-'^ ^of k 

• -r It* letters 
ti • f-rticit.a:r in iceeti^'ss 
Cv. rc Sketches a no drahin'j.s 
C2« »ritt technical notes 
CS« ^-eaj repcrtSi loumais anj te«ts 
b' • cse stanoaro clerical ^roceoures 

recorcs or tileSi ^ill in fcrwis) 
t1. Prepare preliirirary estiwotes of 
r1C» Search for ecuipirent* iraierioisi 

c r ♦lies 

'•:>sist staff to resolve prot^lems 
Air. ^pnitor progress of i«or»i 

C7. 'eac and evaluate contracts cr specifications 
IZm freuAre oetaileo esti»r<»tes of .osts 
ml 0 interpret ivorking cravings 

• Cevie» and plan the *crk of a srcup 
Hi. Give direction and Supervise tradesmen 

h2 • Give direction a^^C supervise other engineerinc 
s* «f f 

C11. Supervise ethers perform, mg soi>e of the 

tasks in Written C oan-y n i c <j t i On 
85. ^ecord Own work (eicept reports) 
olS. SuPfvise ethers performing soire of the 

tdSkS in General Acoiinistration 
6t. iiCo\e Own knowledge of latest technology 

anc its applicat'ons 
h?» Instruct or direct non'enjjineerin^ Staff 

(ect typing, clerical* laboratory staff) 
A7. fc-oroinate progress #ith other sections 
t>t • Aitenc lectures* ieiemars ana conferences 
fcll. Pttotccopy cocunents 
cl. trrarge visits to Othfr locations 
fZ. fvaludte eouipuent arc r.achir.ery 

• ^ile plans «nG/or documents 

A:. Supervise others perforninc so^e of the tas«s 

ir Project Pla^^ninc arc "^dnace^ent 
C*.. *-'refare Statistical I'^formation 

. Cfal with salespersons 
C1C. Prepare charts ano graphs 
£5. Seview estimates of cost ano/or tiire 
Ac. $ute**vise site works 
F<.. Cxdfr.ine and Select Quotes 
H4. Set incivid al ano group ^oals 
^/^Z^• Supervise others performing some Of the 

tasks in Oral C or«s*un i c a t i on 
fS« Purchase ecuipfrent or services 
Ct. Prepare contract OOCu<r.entS 
y( • f-repare sket cnt s /a r t wo r k 

• Counsel people ot work 

P4. Inpot dtfta or recall data fro<r coircuter tern>indlS 
c1<». Prepare )ot. descriptions anc/or duty state'^ents 
b7« trrorge meetmcs 

Provjoce drawings uS^ns conventional eauipment 
fir. Ise rrograrrr.ap[e calculators 
hI » use fersonol ccirputtrs/fficrO-proceSSors 
£<.. Prepare estiJ^ates for staff ti»e 
£t« Control enpePOiturc 
Pc. Carry out maintenance inspections 
P1» Investigate previous engineering work 
0^. £ncoorage other staff to unoote their kno-lerige 

cf latest technolccy ano its applications 
P1i» inspect en9ineering »»crk for coiPpliarce with 

f>l<jns anc* specifications 
'(.i. CP'l'^ct cata frorr ^mmeers *nd/or clir.its 
A?. •'tfinttfin reccrcs of exoenjiture on construction" 

I r 0 ) e C t S 
£3. ^repore t udce t s 
^7. Lse c ac kage'c rc»rams 

Xf. *'<jke layout croxincs or a dra.mc hoaro 

61. Ictntify staff neeos 

K2. Iirpl^irent safety pro?rans 

Ji* AssiSs Quality control proceoores 

•^7. •'cm: or the operation of eci-ipJ^ent 

fl. J^repart eccnomc acpraisai of ecuipffient 

cr ff.aci">inery 
il. (tta^n oato froff* instruments 
• 7, Prepare graphs ana c*^arts 



97.73 
94.5: 

91 .33 
<?0.15 
56. 3C 

ei .96 
F9.3C 
^3.3? 
6^ .66 

?2.ee 

76. 4i 

67.1. 
77.63 

70.76 
63.47 

69.ee 

58.6? 
63. 7C 
61.42 
62. 3T 
63.93 



66.59 
63.92 



59.8? 
c2.42 
74. 2C 
63.70 
65. C7 
6^.84 
52.97 

56.45 
65.5? 
65.37 
52.97 
48.4C 
53.61' 
51 .14 
55. C2 

55.02 
45.66 
57.31 
52.26 
47. 9S 
51 .60 
63.24 
47.9^ 
44. 9S 
43. 3£ 
46. £C 
42.92 
4D.1E 
43.84 
43.17 



42. G1 
3o.3i 

36.36 

43 • ^1 

33. 79 
42.24 
34.47 
31.25- 

J7.44 
45.43 

37.4^ 
47.26 



1 .y7v 

1 . -41 

1.632 
1 ♦£6*. 
1 .67*. 
1 .735 
1 .o8c 

1 .625 
1 .47<. 

1 .33*. 
1 .456 

1.411 

1 .<:95 
1 .45C 

1 .526 
1 .290 

1 .40C 
1 .526 
1 .352 
1 .60fe 
1.A76 
1 .507 
1 .477 
1.<.03 



65. 3C 1.335 



1 .'296 
1 .323 



62.79 1.343 
69. ia 1.200 



1.373 
. V4i 
1 .COfc 
1 .170 
1.123 
1.122 
1 .34: 

1.184 
1 .031 
1.C17 
1 .224 
1.333 
1.187 
1 .242 

1.144 
1.134 

1 .364 
1 .C72 
1 .168 
1.257 
1.154 
.927 
1.214 
^ .203 
1 .219 
1.118 
1.21V 
1.283 
1.140 
1 .C36 



41 . ID 1.189 



1 .16: 

:.2ii 

1 .202 
1.13^ 

1 .:3C 

1 .131 
1.250 
1 .371 
1.135 
.907 



1 . 



:67 
:4<* 



1 .934 

1 .7ir 

1 .52^ 
1.52C 

i.5:c 

1.457 
1.42'" 

1.332 
1 .320 
1 .2<.6 
1.?33 
1.1C9 
1.150 
1.109 

1 .024 
1 .001 

.991 
.96E 
.C45 
.943 
.940 
.925 
.921 
.^97 

.872 

.867 
.846 

.843 

.830 

.820 
.779 
.74g 
.7^5 
.>31 
.727 
.7K 

.692 
.675 
.6&4 
.64% 
.645 
.639 
.635 
.629 

.624 
.623 
.614 
.611 
.603 
.596 
.566 
.5^2 
.54-! 
.529 
.523 
.523 
.515 
.500 
.499 

.4£0 

.467 
.464 

.401 
.45f 
.44^ 
.436 
.431 

.429 
.425 
.412 

.400 
.399 



1.<'3 

3.67 

5.20 
6.72 
8.23 
9.73 
11.15 

ir.4jj 

1 3.^0 
15. P5 
16.26 
17.45 
18.60 
19.71 

2C.73 
21 .73 

22.-^2 
23.69 
24. 6A 
25.58 
26.52 
27.45 
25.37 
29.26 

30.14 

31. CC 
31. P5 

32.69 
33.52 

34.34 
35.12 
35.57 
36.61 
37. 14 
35. C7 
38 . 76 

39.47 
40.15 
40.51 
4'' .46 

42.11 
42.75 
43.36 

44.01 
4 4.^4 

45.26 
45.^7 
^6.46 
^.7.09 
4-^.66 
46.27 
<.?.t5 
49.39 
^9.92 
5C.44 

50. «7 
51 .40 
5^ .96 
52.4fc 

52.97 

53.46 
53. 

54.38 
54.^4 
55.29 
55.73 
56.16 
56.59 
57. ri 
^7.i; 



57. P2 
58.22 



3 
4 
5 
6 
7 

t 
9 
10 
11 
12 
13 
14 

15 
16 

17 
16 
19 
20 
31 
22 
23 
24 

25 

26 
27 

26 

29 

30 
31 
32 
33 
3*. 
3:i 
36 

37 
36 
39 
40 
41 
42 
43 
4^ 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

56 

57 
56 
59 



61 

62 

63 
64 
65 
66 
67 
66 
69 
70 

71 
72 



? 0 7 



ERLC 
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CLUSTER 82 : CIVIL ENGINEERING AND 



SURVEYING 



i>i. 

D?. 

w«. • 

rM. 

£-5:1. 

eEc • 
v5. 



fry. 
Vc . 
if i . 

T 1 . 

i £S. 

e f 0. 

Y3. 

e-r 1- 
pr . 

f. 7. 

t f z. 

£1. 



he • 
r-» J. 
M . 

c r • 

3 ; • 

li . 
C 1 . 

cz. 

C11. 

r f . 

cr fc. 
oil . 

f e-i: 

£ L7. 

C13. 
A- . 
3. 

rr . 

t3 * • 

Pi.. 



o12. 



L'Sf Cdlculotcrs 

lj>C^dn9e infornation toith encineers, 
Surveyors or architects 
f-tcit ana interpret drsiiin^s 

Sketches ano Cratoincs 
t>cf5 3n5t mforration liith ot^er peoclf 
kfitrm ycur or^^dr. isation 

rroou*e CrabinCs using c or. ve nt i cn^ I e3uir«>ent 

CaUulct*^ recoced levels 

lie r r & J r 0n»mdt I e calculat</rs 

lottrj-ret ^cricino dra^incs 

*«toSur€ d i s lane e ' ^ 1 1 h tapts 

C^lculatF areas anc volumes 

ProoucP rcoC plans ano sections 

tstoMis^^ elevations usm^ outc'-aiic level 

^erfcrrr ceoff f t r i c d I calculations 

t»cr«an2e inforBiation nith clients or 

ircfft/ers of t h( puDl i c 

Cttdin Survey inter jration i rcr Surveyor 

Procucf Site plans 

tsf the Theocolite in traversinc 

frocuce survey cr5»iin*s 

f'rocuce profiles 

Calculate ^orwcntal vertical curves 
Peu out rroDOSeo engineering ^orks 
P^erforir. civil engineerinc ce^ur. ano/or 
calculations or. roacs anc/or freeways 
frocuce co'^tojr plans 
^evie« arc plan own k^orn 
Determine co-orcmates 

P^roouce teater, seMerage* cramage ai.d irrigation 
C I ans anc sect ions 

.F^erforn- civil encineerino desicn and/or 
Calculations on edrchiiorks 

Collect cata on location of rcac? anC services 
trrough fitlo inspections 

lofu*, cata or recall data frcir, coir cuter ternirals 
L'se Pdctcage prccrairs 

Perforr* Civil engineering de"i<,r and/or 
Calculations or sewerage and/vr drainace 
Prepare rreliirinary estiiTdtes of costs' 
"akv layout drotoincs on a ora«.ing boaro 
Prepare Sketche s/artbor* 



Civt direction anc supervise 
staff 

Inspect encincerinr yor^ for 
plars anc specifications 
Stjirch for ecuiprert. ^otc'i 
or files 

Lse rerscral ccn put e r s /»r i c rc 
Exchance inforfraticn wi h tr 
Investigate previous *:n^inee 
r r epare ' oe t a i I ec estiinatei o 
record o»n »»ork (except rfoo 
*CjwSt linear n-isclos*s in a 
Porticicate in meetings 
writeletters 
write retorts 

Inspect lane fcrrs on site 
Supervise ethers p*^r'oroiinc 
IcjSKS in mrittfn COTununicoti 
Assist Staff tc resolve prot 
^eoC r^pcrtSf journals an^ t 
locate oetail using tachei/we- 
file Pldns anj/cr coconents 
Photocopy OOCur.ents 
.Suttrvise others performing 
m tngineering Lurveyinj, 
Supervise others cerforwino 
in Survey Computations 
Prepare charts and graphs 
Sut e rvi s( site work s 
ise electror^ic distance "cas 
Suf.ervise others ter^cririnr 
in Lngineerin^ Survey Dratti 
Prepare contract occurrcrts 
Calculate ripe diareters to 
Supervisf others perforitinc 
tasics in General Acmimstrat 
tise standard clerical proced 
recoros or files, *ill in fo 
i*se wainfrarre or ir. ini co«>j^ut 
Cores or t e ririna I s 
Supervise others perforirinc 
in tnf^ineerinw drawing anc O 
Prepare graphs ana charts 
Print plans 



Oth*r engineerinjj 

C Cirp I lanc < with 

a t £ t o raw 1 n^ s 

-processors 
0Ce sr e n 
r 1 r : w c r k 
f cost s 
rts) 
traverse 



scT.e of the 
cn 

I eff s 
t xt s 

\ry 



auy cf tbe tasks 

some o> the tasks 



ur 1 ng de v i c e s 
<Lre cf thf ta^ifS 
^'^ 

carry desicn flows 
softe o^ tht 
1 on 

ure> (eg* ►eec 
r fT.s > 

ers throug^ Punc^eo 

so-^e of the t^sks 
r aph 1 c s 



ur t 
Pr c t 
Kesp 


A JOC 

Pesp 


X J or 

A I I 
• • . • 


^C uf^ 


Sec 


96.54 
94. V7 


1 .96: 
1 .643 


1 .^^y? 

1 .^o: 


1.69 
3.45 


1 

2 


e9.94 
P9.94 
<?2.14 


1.726 
1 .724 
1.651 


1.55? 
1.521 


5.00 
6.55 
P. 06 


3 
4 
5 


77.36 
92.45 
€3.33 
62. 7C 
65.65 

fe.99 

7C.44 
72. 9t 

F2.3<? 


1 .959 
1 .594 
1 .671 
1 .6CC 
1.515 
1.425 
1 .777 
1 .667 

1.471 

1 .276 


1.51: 

1 .474 
1 .792 
1.323 
1 

U26? 
1.252 
1 .2U 
1.1:9 
1 .CSi 


9.59 
1 1 .C6 
12.46 
13.76 

15. r6 

16.75 
17.60 
ie.«'2 
20.01 
21 .Cd 


t 
7 
6 
9 
10 
1 1 

12 
i 3 

14 

15 


76,7 3 
72.96 
69. 5r^ 
67.61 
69.1fc 

61.95 
60.69 


1.311 

1 p;66 

1 .42^ 

1.449 
1 .39b 
1 . 369 
1 .536 
U545 


1.":6 

.9y7 

197-; 

.<556 
.951 
.937 


22.06 
^3.C6 

24. C5 

25. C3 

26. rc 

26.95 
27.91 
25.64 


U 
1 7 

l£ 
1C 

20 
21 
22 
23 


74.21 
70.44 
70.13 
62.2^ 


1 .25i 

1 "^r 
* • 

1 .294 
1.454 


.931 

0 1 Q 

.9 u£ 

. T w 0 


2C,77 
31.60 


2h 

C J 

26 
c t 


66.55 


1 • 3 0 


D W ^ 


^ ' z. n 
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CLUSTER 58 : DRAFTING AND DESIGN 
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D3. 



XK 



fclC. 



w7. 
1.1 . 
83. 
Clu. 
W£ • 

R2. 
b1 • 

C11. 

xt. 
C5. 
D5. 
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. 

Hi. 

Ef . 
CI. 

1 • 



> V. 



F 1 . 

P1£. 



HZ. 



£1. 
CI. 



1 dSfc s 



use calculatcrs 
•t»i3 ano intertret 3r3»in«s 



f onven t lona I 

s 



dratainc toan 
other peCDle 



enc 1 nee r s I 



<eg, keep 



of the 



eng i neer i r 3 



•'okt layout Ofcftoinjs on 9 
i M Ct.^oze ir^orn-oticn i.'th 
»,ithin'your cr-^ ansa! ion 
EkCtance in<crnation witr 
Surv^yCrS or architects 
fre^ore sk et cne s /a r t ».c r k 

*'okfr Oetdil orofcir^s c< «"ecr. anical ccTOnfntS 
or fixtures th£»t <acilita;e irar.ufdctore cr 
instil lati or 

£>cror.ce infcrirdticn wit** traces ffrr 
*ote asveiPLly cra-iroi 

fearch <or ecuipirer. t. «"d?eriais. orawin.s 
C r f 1 I e s 

£«Cf. 9n^e infcrrraticn ^it^ Clients cr 
rfcers cf t^'-e Cut lie 
f-rint Olaos 

f 1 I tr tlors ana/or OCCu^t'rnis 
Prepare graphs anc c'^drts 

Ac}*^St tfno calibrate conventional drd^ing rr<»chines 
Ctvi^fc dno plan o»n wcru 
Precare charts and grachs 

S*/Ot''vise others ter'^rirmc sojne of the tasfcs 
in cn9ineenr9 trobinc an^'GraphicS 
ise Drograirmatlfr calculators 
use stan<;ard c'erical procecures 
recorcs or fil^Si *ill in forms) 
Phctcccpy documents 
Sottrvise others per*crming so»e 
toS*5 in written Coffi'wr. iCdticn 
Prepare wiring diagrairs 
teac reportSt journals an:: texts 
Participate in ireeti'^gi 
Assist staff tc resolve protletrs 
Give oirection and Supervise other 
staff 

Infot cata or recall data froff- conruter termihals 

•'taiore distance ^ 1 1 taptrs 

Cive oirection anc supervise traoesiRen 

r rojuc e Site pi ans 

^tcc.fc oi.n worB <e»c»p! reports) 
Frtta'e contract cocutents 
:fSi;;r air conjitior-nc S/Stews 
f-trfor" structural encineennc cesijn anc/c 
Ccr;.ot a t ions or tean^Si COluirnSt ahd/or 
fcuncations 

Perlcrr structural e'^sineenng Cesigr ano/or 
ccrput at ic»^S on Dlatfcr<rSf i>aTkway<t Stairways 
anc/cr lacsers 

resicr. s^aftSt a>lest cr jears to ^e turne:i or 
1 I I e3 

C'esicn iretal fraireworiiSf lifting, caryino 
aeviceSf cortT'uOuS Sheet structures for welding 
cr rivettiro operations 

rra* flok charts or scheff.atic block diacra'^'S 
^ebc and evaluate contracts or specifications 
Supe«'vise ethers pernor it. mo sofne of the 
ttfSks in General Adm 1 r i ^ t rat i on 
Collect oata fro» enr. ir.eers ana/or clients 
Supervise ot>^ers oer'orir.ir^ so<^e of th^ taSfcS 
in I/esi-'' Draftin*; 
4irit^ technical notes 

*^a*t detail orotein^s of eiectrical componerts 
or circuits thtft facMitate oanufacture or 
installoticn 

Sc'terviSe others per^onrino so*re of the 
toSnS in Oral C 0iT»un 1 c a t 1 on 
teal », 1 1 h sa le sperso'^s 

Irstect en;,ireeriho work for compliance wi!h 
plans anc specifications 

Prcuuc? orawin-s usm- cosruter assisted oraftinc 
(C*l>)rfrChines 

Instruct ".r cirect non-en^ineerm^ staff 
(e?, typin^t clerical, latoratory^staff) 
Prepare a list of th« functional r c Ou 1 r e rr en t S c* 
a ct s 1 cn pr oposa I 

Perfcrr Strt^ctural »• n 5 1 n e t r 1 n 5 deSiQn >oc/or 
CCHUttftiors on hocters, chutes ar,o/cr con%^eyOrs 
Prcouce water, se^eraget jrainage anc irncation 
Plans an<i Sect 1 ens 

Prepare preliir. inary estiffutes of costs 
Write letters 

Prepare input for cci^Outer assistec droftm^ 
(CAD) irachi-^es 
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CLUSTER 34 



ELECTRICAL AND ELECTRONIC ENGINEERING 
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T as* S 



LftCC'3nce 1 r<cr*j5d t 1 on w^t^ Other people 
witmn ycur crcan>iation 
Didur.ose ©no replace faulty coffpcnents 
Co»^cuct ridgrostic testing 
Corr) cut irainterdrce ins»^eciicns 
^cr>itor the ortration oi ecuipi^ent 
Ccrouct routine cerfonrance tests 
&«Chdn^e intcrr.ation troCesirer 
SJeac anci inte.pret drawings 
Analyse ^dL.lts in 3 i 9 1 1 d I or cCffputT^9 

• Use instrutrents when fault-^inoing 
Ttst electronic Circuits 

Ptriorr aojustrentSi Clean anc I uL r 1 c d t e components 
Use calculators 

L»ct)an3e infcrration ^ith eni,ineersi 

Surveyors cr architects 

teac repcrts, ;curna'. s anj le>ts 

IrC'^^t Cota or recpll <Jatd ♦rcn ?orputer ler<r. indls 

Construct electronic hard.arei ei^floying the 

Skills oi reaoinc circuit anc idycut diacrams, ^ire 

k»rop^ir^ anc high relidLility sclcerinr 

ise rersoncl cowputers/micro-proctsscrs 

£*Chonpe in <orBdtion with clients or 

rcffiCfrs oi the puMic 

Ottain cata iroa. instruments 

fault-tire equipment incorporating pcwer electronic 
fie V ices 

&c sketches anc drawings 
write reccrts 

OL^ate Own knowlesge oi lotest tec^nol05y 

an'^ Its applications 

•rite technical notes 

Assist stoM to resolve problems 

Construct electronic circuitry 

Cali&rate instruments to d standard 

List rcoes oi failure 

Revie* anc plar cwn work 

Test ne» oigitdl or Qorpulin^, harctare 

^'onitor the operation oi cicitdl or cofpputinc 

eouipfffnt 

Jffple<rent iraintenancf ana calipration schecules 
Di«>cnose anc rectify system fatdts 
Repair ano test CiOital or conruter control 
eou ipirent 

• fault-fine on relay or cor.tactor circuits 
Use instruirents when c Oirri s S 1 on 1 ni. plant or 
ec«iipment 

Give cirection ana supervise traoesren 

Attenc Ifcturpst seminars anc conferences 

Ls<^ pacKa^e (ro(,rairs 

List consec«uenc es of failure 

Install Cicital or computing, n3rd».are 

F'articipate in reetinc^s 

Carry cut perforirdnce checks on an electronic 
System 

Commission new oigital or conputinc equipment 
Carry out SCheculed i^a i n t enance on'an electronic 
sy s t eiR 

use stanoard clerical procedures (e^t keep 
recoros or fileSr fill in forms) 

use equip rent incorporating power 
oe V i c e s 

work (e>>cept reports) 
equipif^entf ffateri<jlst 



craw n g s 

anc electrical 
associateo safety 



All , 



•Operate or 
electronic 
f^ecord Own 
Search fcr 
cr files 

Co'^tly «it^ wor^shop^ inOuStridl 
safety rc'jjireffentSf ana n^erforir 
checks arc tests 
Perforif ir.anufdcturpo product rests 
triolyse ecuipffitnt per f orit^onc e 

Lse irainframe or ir. ini cot^puttrs throuy^ runchec 

Corss cr teriTirols 

Interpret workinc drawims 

Oia^ncse faults on equipment 

Installf cemirission anc moir, tair Sf^aller 

comirun » c at i ohs systems 

Investi«,dtc ano rectify causes of poor coality 
Cdrry out n a nu f a c t u r e r s moc 1 t 1 c a t 1 f ns t 
certified ir. edifications, or upjates cn 
electronic equifffent 

Ihterface various dicital or cofputin^ hardware 

Us^^ rrc^raTmat/ 1 e calculators 

Su;'ervise others performmc scffe of t^e 

tas^s in Maintenance 

Construct test rics and instrurrpnt packages 
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